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Preface 


From  the  rocket  measurements  of  the  upper  atmosphere  and  sun  that 
began  in  1946,  space  science  gradually  emerged  as  a new  field  of  scientific 
activity.  In  the  United  States  high-altitude  rocket  research  had  developed  a 
high  degree  of  sophistication  by  the  time  the  Soviet  Union  launched  the 
first  artificial  satellite  of  the  earth  in  1957*  That  surprise  launch  proved 
that  the  USSR  had  been  pursuing  a similar  course. 

During  the  period  between  the  orbiting  of  Sputnik  I and  the  creation 
of  NASA,  these  activities — scientific  research  in  the  high  atmosphere  and 
outer  space— -began  to  be  thought  of  as  space  science . TTie  first  formal  use 
of  the  phrase  that  I recall  was  in  the  pamphlet  Introduction  to  Outer  Space 
prepared  by  members  of  the  President’s  Science  Advisory'  Committee  and 
issued  on  26  March  1958  by  President  Eisenhower  to  acquaint  'all  the 
people  of  America  and  indeed  all  the  people  of  the  earth’’  with  ‘the  oppor- 
tunities which  a developing  space  technology  can  provide  to  extend  man’s 
knowledge  of  the  earth,  the  solar  system,  and  the  universe.”  A few  months 
later  the  phrase  appeared  in  the  title  of  the  Space  Science  Board,  which  the 
National  Academy  of  Sciences  established  in  June  1958.  Use  of  the  term 
spread  rapidly  . From  the  start  NASA  managers  referred  to  that  part  of  the 
space  program  devoted  to  scientific  research  by  means  of  rockets  and  space- 
craft as  the  space  science  program. 

The  researches  that  came  under  the  new  rubric  were  themselves  not 
new.  Space  science  initially  consisted  of  researches  already  under  way  that 
the  new  tools  of  rocketry  promised  to  aid  substantially.  The  large  number 
of  disciplines — such  as  atmospheric  research  and  meteorology,  solar  phys- 
ics, cosmic  rays,  and  eventually  lunar  and  planetary  science — and  the  rec- 
ognized importance  of  many  of  the  problems  that  could  be  attacked  with 
the  new  tools,  attracted  large  numbers  of  scientists,  giving  the  field  of  space 
science  broad  support  at  the  outset.  Even  in  the  life  sciences,  where  the 
potential  contributions  of  space  techniques  were  less  obvious  than  in  the 
physical  sciences,  quite  a few  leading  researchers  showed  a lively,  if  tenta- 
tive, interest. 

As  the  program  unfolded,  the  wide  range  of  interest  became  both  a 
source  of  strength  and  a cause  for  tension.  For  those  able  to  penetrate 
beneath  the  impersonal  exterior  that  science  so  often  seems  to  present  to 
the  outsider,  the  whole  gamut  of  human  emotions  is  to  be  found.  The 
pursuit  of  scientific  truth  gets  caught  up  in  a struggle  not  only  with  nature 
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but  also  with  oneself  and  one’s  fellow  beings.  Ambition,  cooperation, 
strife,  humility,  arrogance,  envy,  admiration,  frustration,  and  courage 
undergird  and  overlie  the  scientific  process,  making  it  more  important  as  a 
story  of  human  endeavor  and  achievement  than  as  a mere  accumulation  of 
human  knowledge.  So  it  was  with  space  science;  there  appeared  to  be  a 
continual  clash  of  opinions  over  what  to  do  first,  or  next,  or  instead  of 
what  was  being  done. 

To  the  normal  attraction  of  probing  the  unknown  were  adder*,  the 
excitement  bestowed  by  roaring  rockets  and  speeding  spacecraft  and  the 
awareness  that  these  had  opened  a vast  new  region  to  the  presence  of  man. 
Moreover,  circumstances  placed  space  science  to  a considerable  extent  in 
competition  with  other  aspects  of  the  space  program.  Congressional  con- 
cern over  the  serious  questions  of  national  defense  raised  by  the  Soviet 
accomplishments  in  s/xtre  focused  attention  on  the  nation's  launch  capa- 
bility and  technological  strength  rather  than  science.  Understandably,  most 
onlookers  displayed  more  interest  in  the  glamour  and  excitement  of  the 
Apollo  program  to  land  men  on  the  moon  than  in  studying  cosmic  rays  or 
the  earth  s magnetosphere.  Nevertheless,  partly  in  its  own  right  and  also  as 
an  important  supporting  element  to  other  activities  in  space,  space  science 
enjoyed  a recognized  place  in  the  program  from  the  outset. 

In  telling  some  of  the  space  science  story— particularly  the  early  years 
when  it  was  emerging  as  a vigorous  new  field  of  activity — I hope  to  relate 
this  new  activity  to  the  rest  of  the  space  program  on  the  one  hand  and  to 
science  in  general  on  the  other.  It  is  a multifaceted  tale,  ranging  from  the 
very'  technical  to  the  highly  political,  from  the  intensely  personal  to  the 
institutional,  from  the  national  to  the  international.  For  long  periods  the 
participants  are  weighed  down  with  the  routine  drudgery  of  calculations, 
painstaking  testing  in  the  laboratory  and  the  field,  and  seemingly  endless 
paper  work.  Then  comes  the  reward— lifting  one  to  the  very  pinnacle  of 
excitement— when  a spacecraft  lands  on  the  moon  and  its  amazing  append- 
ages dig  into  the  ancient  soil,  or  from  a quarter  of  a million  miles  away  a 
breathlessly  awaited  voice  announces,  *\  . . the  Eagle  has  landed,”  or  when 
yet  a different  spacecraft  visits  a distant  world  like  Mars  and  photographs 
craters,  volcanic  peaks,  and  huge  rifts  never  before  seen  by  man.  The  whole 
world— nay,  the  solar  system — is  the  stage,  and  the  dtatna  is  played  now  in 
the  comfort  and  safety  of  the  computer  laboratory,  now  amid  the  rigors 
and  dangers  of  the  launching  pad,  at  times  in  the  whirl  of  intellectual 
challenge  in  the  international  conference  hall,  at  times  face  to  fate  with  the 
physical  challenges  of  the  high  seas,  the  polar  wilderness,  or  the  ominous 
loneliness  of  the  lunar  wastelands. 

I hope  to  convey  some  of  the  flavor  of  this  complex  program.  To  do 
this  I shall  trace  several  main  threads  as  they  weave  their  way  through  the 
story.  First,  of  course,  there  is  space  science  itself,  what  results  have  been 
obtained  from  the  use  of  rockets  and  spacecraft — including  manned  space- 
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flights.  What  progress  in  various  scientific  disciplines  can  be  credited  to 
what  is  now  called  space  science?  It  is  not  my  intention,  however,  to  pro* 
duce  another  textbook  on  space  science.  Such  a survey  would  cany  well 
beyond  the  planned  scope  of  this  boo*.  I seek  rather  to  bring  out  in  broad 
perspective  the  main  lines  of  advance  in  major  areas  of  research,  to  high- 
light new  areas  of  investigation,  and  especially  to  dwell  on  changed  and 
changing  concepts  in  the  different  disciplines.  Seeking  guidance  in  this 
aspect  of  the  task,  I sent  a questionnaire  to  a number  of  the  foremost 
workers  in  the  various  disciplines  of  space  science  asking  for  their  insights 
as  to  what  the  most  significant  contributions  of  space  science  have  been. 
More  than  60  scientists  responded,  and  their  views  are  incorporated  into 
chapters  6,  II,  and  20,  the  chapters  that  deal  with  the  technical  side  of  the 
story.  I wish  to  convey  here  my  thanks  f~r  that  assistance. 

The  flavor  of  the  story  cannot  be  conveyed  in  isolation  from  the  con- 
text in  which  the  research  was  done.  It  will  be  necessary',  therefore,  to  trace 
several  threads  other  than  space  science  results.  On  one  side  was  the  rela- 
tionship of  space  science  to  science  in  general,  while  on  the  other  were  its 
relationships  to  the  rest  of  the  space  program  and  to  the  social,  political, 
and  economic  context. 

Space  science,  while  cohering  strongly  as  a new  activity,  nevertheless  is 
quite  correctly  viewed  as  simply  a continuation  and  extension  erf  numerous 
traditional  scientific  disciplines.  To  appreciate  the  significance  of  this  ob- 
servation, it  is  necessary  to  pay  some  attention  to  the  meaning  and  nature 
of  science. 

Very  little  of  modem  science  can  be  carried  out  in  isolation  from  other 
activities  of  society — certainly  not  space  science.  Much  of  science  today  re- 
quires large  pools  of  manpower,  special  facilities,  and  expensive  equip- 
ment that  private  sources  often  cannot  afford.  When  industry*  does  support 
research,  its  relevance  to  the  profit-making  objectives  of  the  company  is 
always  in  mind.  When  government  furnishes  the  support,  relevance  to 
national  needs  and  objectives  must  be  taken  into  account.  The  years  of 
political  struggles  to  obtain  approval  and  funding  for  the  National  Science 
Foundation;  the  National  Radio  Astronomy  Observatory  at  Greenbank, 
West  V irginia;  the  Enrico  Fermi  high-energy  particle  accelerator  in  Illinois 
(which  the  proponents  first  appeared  to  lose,  but  then  won);  and  the  Mo* 
hole  project  to  drill  through  the  earth’s  crust  (which  the  scientists  first  won 
and  then  lost)  provide  classic  examples  of  the  difficulties  encountered  in 
seeking  support  o»  large-scale,  expensive  scientific  undertakings. 

So  it  was  w ith  space  science.  In  the  early  years,  when  a few  sounding 
rockets  were  launched,  the  field  received  but  little  attention  and  meager 
support.  With  the  appearance  of  Sputnik,  however,  space  science  was  pre- 
cipitated into  prominence  as  an  important  part  of  a broad  ^pace  program 
that  the  country  suddenly  found  itself  compelled  in  its  own  interest  to 
undertake.  Almost  overnight  dollars  to  pay  for  the  research  w*ere  no  longer 


XV 


BtYOND  THfc  AmOSPHKltK 


a problem,  and  numerous  individuals  and  msututtoiis,  both  at  home  and 
abroad*  became  interested  in  taking  part  in  the  program. 

Two  other  main  threads  in  the  narrative — organization  and  manage- 
ment, and  institutional  relationships — concern  such  aspects  of  the  space 
science  .aery.  Organization  and  management  include  leadership,  planning 
techniques,  budget  preparation  and  defense,  and  organization  and  man- 
agement of  teams  of  specialists.  Institutional  relationships  include  those 
with  the  many  groups  that  played  important,  often  essential,  parts  in  the 
program.  This  thread  will  weave  into  the  story  the  roles  of  universities, 
industry,  the  military'  and  other  government  agencies,  the  National 
Academy  of  Sciences,  and  the  President's  Science  Advisory  Committee. 
Working  with  the  Congress  was  an  essential  element  in  securing  and 
maintaining  support  for  the  program.  As  with  NASA's  predecessor,  the 
National  Advisory  Committee  for  Aeronautics,  advisory7  committees  played 
an  important  role  in  the  planning  and  conduct  of  the  space  science 
program. 

Paradoxically  these  aspects  appeared  as  both  a hindrance  and  a help  to 
space  scientists.  The  necessity  to  fight  continually  for  resources,  to  compete 
with  other  elements  of  the  space  program,  to  labor  on  advisory  committees, 
and  to  w restle  with  the  mountains  erf  paper  work  required  by  management 
interfered  with  the  research.  On  the  other  hand,  these  distractions  were 
necessary,  for  without  proper  organization  and  management,  substantial 
resources,  and  far-flung  teams,  space  science  could  not  have  expanded  into 
the  intensive  probing  of  the  solar  system  and  the  universe  that  it  became. 
Moreover,  one  sensed  the  possibility  of  a salutary  effect  in  having  contin- 
ually to  be  on  one’s  toes. 

From  the  time  of  the  earliest  sounding  rockets  in  1945-1946  to  the  end 
of  1973  when  1 left  NASA,  I was  a participant  in  the  space  science  pro- 
gram. It  was  my  good  fortune  to  take  part  in  the  pioneering  work  of  the 
V-2  lTpper  Atmosphere  Research  Panel,  in  the  International  Cieophysical 
Year  rocket  and  satellite  programs,  and  in  organizing  and  conducting 
NASA’s  space  science  program.  Inevitably  what  1 write  is  colored  by  my 
own  experiences.  Nevertheless,  this  book  is  intended  to  be  something  more 
than  a memoir. 

I have  attempted  to  survey  the  field  in  retrospect,  consulting  the  litera- 
ture. files,  and  records  in  an  effort  to  discern  the  course  of  the  space  science 
program  in  proper  perspective.  It  has  ! een  interesting  to  note  that  some- 
times matters  were  not  as  I perceived  them  at  the  time,  and  txcasionally 
were  quite  different.  Particularly  in  telling  of  controversies  in  which  I was 
among  the  disputants,  I have  tried  neither  to  overemphasize  nor  to  short- 
change my  own  views.  Writing  the  text  in  the  third  person  has  helped,  I 
believe,  to  be  objective. 

There  are,  of  course,  many  vantage  points  from  which  a valid  picture 
of  the  space  science  program  could  be  drawn.  One  appropriate  aspect 
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would  be  the  story  as  seen  by  scientists  outside  of  NASA— in  the  universi- 
ties* the  National  Academy  of  Sciences,  and  elsewhere — for  these  comprised 
the  greater  part  of  the  scientists  in  the  program.  A different  and  significant 
view  would  be  obtained  from  scientists  in  other  countries  who  took  pan  in 
NASA's  international  cooperative  program.  The  engineers  could  be  ex- 
pected to  tell  it  quite  differently  from  the  scientists.  A revealing,  not  always 
flattering,  picture  would  likely  come  from  those  in  industry  whose  talents 
provided  much  of  the  hardware  and  operations  that  lay  at  the  hean  of  the 
country's  space  science  missions.  Within  NASA  itself  a writer  from  die 
research  and  development  centers  and  field  stations — where  lay  most  of  the 
technical  and  operational  strength  of  the  agency — would  certainly  provide 
a decidedly  different  slant  from  that  which  a headquarters  writer  would 
find  natural.  I have,  of  course,  tried  to  capture  some  ol  the  flavor  of  all 
these  points  of  view,  but  the  principal  orientation  is  that  of  headquarters 
management. 

Another  aspect  of  that  vantage  point  must  be  considered.  Most  of  this 
hook  deals  with  NASA  and  its  program.  How  legitimate  is  this?  After  all. 
the  miliiur  services,  particularly  the  Air  Force,  were  active  in  space 
research— through  sounding  rocket  icsearch,  study  programs,  and  explora- 
tory development — before  there  was  a NASA,  and  continued  after  NASA 
was  established  to  expend  billions  of  dollars  a year  on  space.  Also  there 
were  those  other  paitici|)ant$  alluded  to  in  the  preceding  paragraph.  And 
very  much  in  the  foreground  has  been  the  Soviet  Union.  which  precipi- 
tated worldwide  interest  in  space  by  launching  the  Sputniks. 

I believe  the  concentration  on  NASA  to  be  legitimate,  for  as  time  went 
on  scientists  in  the  United  States  came  to  view  NASA  as  the  prime  source 
of  support  for  space  science,  as  they  had  come  to  laok  to  the  National 
Science  Foundation  and  the  National  Institute's  of  Health  for  general  sup- 
port of  science.  ITie  legislators  who  created  NASA  as  a civilian  agency 
intended  it  to  be  the  aegis  for  the  l\S.  national  space  program,  which, 
especially  on  the  international  scene,  it  quickly  became.  Other  countries 
interested  in  space  research  turned  to  NASA  with  their  proposals  to  coop- 
erate on  space  sc  ience  projec  ts.  In  the  United  States,  in  only  a few  years 
“the  spate  science  program’’  and  'the  NASA  space  science  program"  be- 
came almost  synonymous. 

In  the  USSR  the  situation  was  different.  There  the  space  program  and 
the  military  sjxue  program  were  equivalent.  Sjxicc  sc  ience,  like  all  other 
aspects  of  the  program,  was  cloaked  in  military  security  and  came  into 
view  only  well  after  the  fac  t,  when  the  Soviet  Union  felt  ready  to  report  the 
results  of  a successful  mission.  Yet  it  would  be  erroneous  to  c haracteri/e  the 
Soviet  sjxice  sc  ience  program  as  purely  military  in  its  import.  Considerable 
attention  to  lunar  and  planetary  research  contributed  to  an  image  of  Soviet 
scientific  and  technological  strength,  but  could  hardly  be  accorded  any 
great  military  value. 
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While  it  is  necessary  to  say  enough  about  Soviet  space  science  to  show 
its  more  important  contributions,  and  particularly  to  highlight  relation- 
ships to  the  overall  field,  the  main  emphasis  of  the  book  is  on  the  lT.S. 
program.  Even  here  there  is  no  attempt  to  be  exhaustive.  Rather,  I intend 
to  select  examples  that  illustrate  the  interplay  of  personalities  and  opinions 
and  the  steady  advance  of  ideas  that  characterized  the  program,  particularly 
in  the  1950s  and  If  -s. 

Overlying  the  space  science  story  is  a most  important  factor,  which  1 
like  to  refer  to  as  the  inexorability  of  the  scientific  process,  a factor  that 
applies  not  only  to  space  science,  but  to  all  science.  In  the  turmoil  of 
human  relations — while  the  bat'les  rage  over  funding,  priorities,  control  of 
programs,  personal  recognition,  bureaucratic  despotism,  and  individual 
shortcomings — the  scientific  proofs,  as  long  as  it  is  sufficiently  nourished, 
steadily,  I say  inexorably,  adds  to  the  store  of  knowledge.  To  appreciate  the 
role  erf  the  scientific  process,  one  must  begin  by  considering,  at  least 
briefly,  the  meaning  and  nature  of  science  ami  the  context  in  which  scien- 
tists pursue  their  profession  in  the  modem  world.  Those  are  the  subjects  of 
pan  I. 

I would  like  to  express  my  appreciation  to  the  staff  of  the  NASA  His- 
tory Office  for  the  extensive  encouragement  and  assistance  I received 
throughout  the  time  I worked  on  this  book.  I must  single  out  archivist  Lee 
Saegessen  his  tireless  effons  deserve  special  thanks.  Thorough  reviews  of 
the  manuscript  by  Dr.  Norman  Ness  and  Dr.  John  O'Keefe  of  the  Goddard 
Space  Flight  Center,  and  many  personal  conversations  with  Dr.  O’Keefe, 
were  most  helpful.  Indeed,  a large  number  of  reviewers  generously  fur- 
nished comments  on  parts  or  all  of  the  manuscript.  Their  criticisms  were 
an  invaluable  aid.  for  which  I am  grateful. 


Alexandria.  Virginia 
January  1979 


Homer  E.  Newell 
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Nature  of  the  Subject 


For  out  of  aide  ftldes,  as  men  seith , 
Cometh  al  this  newe  com  fro  yeer  to  y ere; 
And  out  of  olde  bokes , in  good  fetth, 
Cometh  al  this  nrufe  science  that  men  lere . 
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The  science  managers  in  the  new  National  Aeronautics  and  Space 
Administration  of  1958  for  the  most  part  had  limited  experience  in  the 
management  of  science  programs.  By  comparison  with  the  broad  program 
about  to  unfold,  the  previous  sounding  rocket  work  and  even  the  Interna- 
tional Geophysical  Year  programs  woe  modest  indeed.  Yet  the  evolving 
percept  ions  of  these  individuals  as  to  the  nature  and  needs  of  science  would 
play  a major  role  in  the  development  of  the  U.S.  space  science  program.  At 
first  those  perceptions  were  largely  intuitive,  growing  out  of  personal  needs 
and  experience  in  scientific  research,  although  a rather  extensive  literature 
made  the  thoughts  and  experience  of  others  available.  In  addition,  in 
launching  the  new  program  the  space  science  managers  had  the  benefit  of 
the  wise  counsel  of  Deputy  Administrator  Hugh  Dryden  and  Administrator 
T.  Keith  Glennan,  both  of  whom  had  had  considerable  experience  in  man- 
aging science  and  technology  programs. 

Because  of  the  central  role  played  by  the  concepts  of  science  that  NASA 
managers  brought  to  bear — sometimes  consciously,  sometimes  subcmi- 
sciously — on  the  planning  and  conduct  of  the  NASA  space  science  program, 
some  of  those  concepts  are  set  forth  here  at  the  outset.  Moreover,  the  reader 
should  bear  in  mind  that  these  concepts  are  implicit  in  the  author’s  treat- 
ment of  space  science  in  this  book.  The  exposition  below,  while  a substan- 
tial elaboration  of  a summary  presented  to  Congress  in  the  spring  of  1966,  is 
still  highly  condensed,  and  runs  the  risk  of  oversimplification.1 


Science  a Process 

A major  theme  throughout  this  book  is  that  of  science  as  a worldwide 
cooperative  activity,  a process,  by  which  scientists,  individually  and  collec- 
tively, seek  to  derive  a commonly  accepted  explanation  of  the  universe.  The 
author  recalls  learning  in  the  ninth  grade  that  science  was  "classified  (i.e., 
organized)  knowledge,”  only  to  have  to  discard  that  definition  years  later  as 
the  very  active  nature  of  science  became  apparent.  To  be  sure,  organized 
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knowledge  is  one  of  the  valuable  products  of  science,  but  science  is  far  more 
than  a mere  accumulation  of  facts  and  figures. 

Science  defies  attempts  at  simple  definition.  Many — both  professional 
scientists  and  otheis — who  have  sought  to  set  forth  an  accurate  description 
of  the  nature  of  science  have  found  it  necessary  to  devote  entire  volumes  of 
elaborate  discussion  to  the  subject.1  None  has  found  it  possible  to  give  >n  a 
few  sentences  a complete  and  simple  definition,  although  James  B Gonant 
perhaps  came  close:  “Science  is  an  interconnected  series  of  concepts  and 
conceptual  schemes  that  have  developed  as  a result  of  experimentation  and 
observation  and  are  fruitful  of  further  experimentation  and  observations.’*1 

On  a casual  reading,  this  definition  may  again  appear  to  characterize 
science  as  a static  collection  of  facts  and  figures.  One  must  add  to  the 
definition  the  activity  of  scientists,  their  continuing  exchange  of  informa- 
tion and  ideas,  and  their  penetrating  criticism  of  new  ideas,  working  hypoth- 
eses, and  theories.  A static  mental  construct  alone  is  insufficient;  one  must 
include  the  process  that  constantly  adds  to,  elaborates,  and  modifies  the 
construct.  All  of  this  Conant — himself  an  eminently  successful  chemist — 
does  actually  include  in  what  he  is  trying  to  convey  in  his  brief  definition,  as 
is  patent  from  the  amplification  he  provides  in  the  rest  of  his  treatment. 
Indeed,  the  last  clause  of  the  quoted  definition,  tequiring  that  the  concepts 
and  conceptual  schemes  of  science  be  “fruitful  of  further  experimentation 
and  observations.”  clearly  implies  the  ongoing  nature  of  science. 

The  difficulty  of  conveying  in  brief  the  nature  of  science,  particularly  to 
the  layman,  has  led  in  exasperation  to  such  statements  as,  “Science  is  what 
scientists  do."  The  circularity  of  this  definition  can  be  frustrating  to  one 
seriously  trying  to  understand  the  subject — a legislator,  for  example,  en- 
deavoring to  appreciate  the  significance  of  science  for  the  country  and  his 
constituents,  and  to  discern  what  science  needs  to  keep  it  healthy  and  pro- 
ductive. Yet  the  definition  suggests  probably  the  best  way  of  approaching 
the  subject;  that  is,  to  tell  just  what  it  is  that  scientists  do. 

.Scientists  work  together  to  develop  a commonly  accepted  explanation  of 
the  universe.  In  this  process,  the  scientist  uses  observation  and  measurement, 
imagination,  induction,  hypothesis,  generalization  and  theory,  deduction, 
test,  communication,  and  mutual  criticism  in  a constant  assault  on  the 
unknown  or  poorly  understood.  Consider  briefly  each  of  these  activities. 

The  scientist  observes  and  measures.  A fundamental  rule  of  modern 
science  is  that  its  conclusions  must  be  based  on  what  actually  happens  in  the 
physical  world.  To  determine  this  the  scientist  collects  experimental  data. 
He  makes  measurements  under  the  most  carefully  controlled  conditions 
possible.  He  insists  that  the  results  of  experiment  and  measurement  be 
repeatable  and  repeated.  When  possible,  he  measures  the  same  phenomenon 
in  different  ways,  to  eliminate  any  possible  errors  of  method. 

To  experimental  and  observational  results  the  scientist  applies  imagina- 
tion in  an  effort  to  discern  or  «n dure  c ommon  elements  that  may  give  further 
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insight  into  what  is  going  on.  In  this  process  he  may  discover  relationships 
that  lead  him  to  formulate  laws  of  action  or  behavior,  such  as  Newton’s  law 
of  gravitation  or  the  three  fundamental  laws  of  motion,  or  to  make  hypoth- 
eses, like  Avogadro’s  hypothesis  that  under  the  same  pressures  and 
temperatures,  equal  volumes  of  different  gases  contain  equal  numbers  of 
molecules.*  It  is  not  enough  that  these  laws  be  expressed  in  qualitative 
terms;  they  must  also  be  expressed  in  quantitative  form  so  that  they  may  be 
subjected  to  further  test  and  measurement. 

The  scientist  generalizes  from  the  measured  data  and  the  relationships 
and  laws  that  he  has  discerned  to  develop  a theory  that  can  “explain”  a 
collection  of  what  might  otherwise  appear  to  be  unconnected  or  unrelated 
facts.  In  seeking  generalization,  the  scientist  requires  that  the  new  theory  be 
broader  than  existing  theory  about  the  subject.  If  the  new  theory  explains 
only  what  is  already  known  and  nothing  more,  it  is  of  very'  limited  value  and 
basically  unacceptable. 

The  new  theory  must  predict  by  deduction  new  phenomena  and  new 
laws  as  yet  unobserved.  These  predictions  can  then  serve  as  guides  to  new 
experiments  and  observations.  By  taking  predictions  and  working  them 
together  with  other  known  facts  and  accepted  ideas,  the  scientist  can  often 
deduce  a result  that  can  be  put  to  immediate  test  either  by  observation  of 
natural  phenomena  or  by  conducting  a controlled  experiment.  Out  of  all 
the  possible  tests,  the  scientist  attempts  to  choose  those  of  such  a clear-cut 
nature  that  a negative  result  would  discredit  the  theory  being  tested,  while  a 
positive  result  would  provide  the  strongest  possible  support  for  the  theory. 

In  this  connection,  it  must  be  emphasized  that  the  scientist  is  not  seek- 
ing “ the  theory  ,"  the  absolute  explanation  of  the  phenomena  in  question. 
One  can  never  claim  to  have  the  ultimate  explanation.  In  testing  hypotheses 
and  theories  the  scientist  can  definitely  eliminate  theories  as  unacceptable 
when  the  results  of  a properly  designed  experiment  contradict  in  a funda- 
mental way  the  proposed  theory.  In  the  other  direction,  however,  the  scien- 
tist can  do  no  more  than  show  a theory  to  be  acceptable  in  the  light  of 
currently  known  facts  and  accepted  concepts.  Even  a long-accepted  theory- 
may  be  incomplete,  having  been  based  on  inadequate  observations.  With  the 
continuing  accumulation  of  new  data,  that  theory  may  suddenly  prove 
incapable  of  explaining  some  newly  discovered  asp  rt  of  nature.  Then  the 
old  theory  must  be  modified  or  expanded,  or  even  replaced  by  an  entirely 
new  theory  embodying  new  concepts.  Thus,  in  his  efforts  to  push  back  the 
frontiers  of  knowledge,  the  scientist  is  continually  attempting  to  develop  an 
acceptable  'best-for-the-time-being”  explanation  of  available  data. 


•For  what  scientists  mean  bv  the  terms  hypothrm.  law,  and  l hairy,  the  reader  is  referred  to  Robert 
Bruce  Lindsay  and  Henry  Margenau,  Foundations  of  Physics  (New  York:  John  Wiley  8c  Sons,  1936),  pp. 
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In  all  (his  process  the  scientist  continually  communicates  with  his  col- 
leagues through  (Hinted  journals,  in  oral  presentations,  and  in  informal 
discussions,  subjecting  his  results  and  conclusions  to  the  close  scrutiny  and 
criticism  of  his  peers.  Ideally,  observations  and  measurements  are  examined 
and  questioned,  and  repeated  and  checked  sufficiently  to  ensure  their  valid- 
ity. Theories  are  compared  against  known  observation  and  fact,  against 
currently  accepted  ideas,  and  against  other  proposed  theories.  Acceptable 
standing  in  the  growing  body  of  scientific  knowledge  is  achieved  only 
through  such  a searching  trial  by  ordeal. 

One  should  hasten  to  add  that  this  is  not  a process  of  voting  on  the  basis 
of  mere  numbers.  Even  though  the  majority  of  the  scientific  community 
may  be  prepared  to  accept  a given  theory,  a telling  argument  by  a single 
perceptive  individual  can  remove  the  theory  from  competition.  Thus,  the 
voting  is  carried  out  through  a continuing  exchange  of  argument  and  rea- 
soned analysis.  Those  who  have  nothing  to  offer  either  pro  or  con  in  effect 
do  not  vote. 

This  process  or  activity  called  science  has  developed  its  rules,  its  body  of 
tradition,  from  hard  and  telling  experience.  Recognizing  that  the  scientific 
process  cannot  yield  the  absolute  in  knowledge,  scientists  have  sought  to 
substitute  for  the  unattainable  absolute  the  attainable  utmost  in  objectivity. 
The  scientific  tradition  wrings  out  of  final  results  as  much  as  possible  of  the 
personal  equation  by  demanding  that  the  individual  subject  his  thoughts 
and  conclusions  to  the  uncompromising  scrutiny  of  his  skeptical  peers. 

The  above  are  things  that  scientists  do,  and  through  the  complex  inter- 
changes among  scientists  these  activities  amalgamate  into  what  is  called 
science.  But  at  this  point  one  must  ask  what  factor  distinguishes  science 
from  a number  of  other  endeavors.  Observation  and  measurement,  imagina- 
tion, induction,  hypothesis,  generalization  and  theory,  deduction,  test, 
communication,  and  mutual  criticism  are  used  in  various  combinations  by 
the  economist,  the  legislator,  the  social  planner,  the  historian,  and  others 
who  today  in  partial  imitation  of  the  scientists  apply  to  their  tasks  and 
studies  their  concepts  of  what  the  scientific  method  is.  Tne  distinguishing 
factor  is  fundamental:  underlying  the  pursuit  of  science  is  the  basic  assump- 
tion that,  to  the  questions  under  investigation,  nature  has  definite  answers. 
Regardless  of  the  philosophical  dilemma  that  one  can  never  be  sure  of 
having  found  the  right  answers,  the  answers  are  assumed  to  exist,  their 
uniqueness  bestowing  on  science  a natural,  intrinsic  unity  and  coherence.  In 
contrast  one  would  hardly  argue  that  societal,  political,  and  economic  prob- 
lems have  unique  answers. 

These  latter  problems  are  concerned  w ith  the  human  predicament,  and 
the  human  equation  enters  not  only  into  the  search  for  answers,  but  into  the 
very  solutions  themselves.  Human  invention  and  devising  are  necessary 
ingredients  of  the  solutions  achieved.  In  science,  however,  although  imagi- 
nation and  invention  are  important  elements  of  the  discovery  process,  the 
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human  factor  must  ultimately  be  excluded  from  its  findings,  and  to  this  end 
the  scientific  process  is  designed  to  eliminate  as  much  personal  bias  and 
individual  error  as  possible.  This  aspect  gives  scieme  its  appearance  of 
objectivity  and  impersonality,  while  bestowing  a universality  that  trans- 
cends political  and  cultural  differences  that  otherwise  divide  mankind. 

The  reader  is  again  cautioned  not  to  be  misled  by  oversimplification. 
One  must  not  conclude  from  the  above  orderly  listing  of  activities  and  proc- 
esses of  thought,  either  that  they  constitute  a prescribed  series  of  steps  in  the 
scientific  process  or  that  one  car  identify  a single  scientific  method  sub- 
scribed to  and  followed  by  all  scientists.  On  the  contrary,  individual  scien- 
tists have  their  individual  insights,  styles,  and  methods  of  research.  Conant 
is  emphatic  on  this  point: 

There  is  no  such  thing  as  the  scientific  method.  If  there  were,  surely  an 
examination  of  the  history  of  physics,  chemistry,  and  biology  would  reveal  it. 
For  as  I have  already  pointed  out,  few'  would  deny  that  it  is  the  progress  in 
physics,  chemistrv  and  experimental  biology  which  gives  every  one  confidence 
in  the  procedures  of  the  scientist.  Yet,  a careful  examination  of  these  subjects 
fails  to  reveal  any  one  method  by  means  of  which  the  masters  in  these  fields 
broke  new'  ground.4 

While  there  is  no  single  scientific  method,  there  is  method,  and  each 
researcher  develops  his  own  sense  of  order  and  line  of  attack.  And  major 
elements  of  the  various  methods  are  sufficiently  discernible  that  they  can  be 
identified.  Indeed,  there  is  enough  of  method  to  the  profession  to  lead  John 
Simpson,  professor  of  physics  at  the  University  of  Chicago,  to  assert  that 
even  the  plodder,  while  he  may  never  make  brilliant  contributions,  can 
through  systematic  effort  aid  in  the  progress  of  science. 

Nevertheless,  the  role  of  insight  and  perceptiveness  is  crucial.  The 
application,  however,  cannot  be  equated  with  induction  in  the  Baconian 
tradition.5  The  inductive  step  from  the  singular  to  the  general,  while  an 
important  element  in  science,  is  far  from  routine.  Often  seemingly  haphaz- 
ard, this  step  calls  into  play  inspiration,  insight,  intuition,  imaginati  \ 
and  shrewd  guesswork  that  are  the  hallmark  of  the  productive  researcher. 
Conan l alluded  to  the  elusive  character  of  this  phase  of  the  scientific  process: 
“Few  if  any  pioneers  have  arrived  at  their  important  discoveries  by  a system- 
atic process  of  logical  thought.  Rather,  brilliant  flashes  of  imaginative 
hunches’  have  guided  their  steps— often  at  fit..:  fumbling  steps.”6 

Each  individual  has  his  own  devices  for  trying  to  discern  from  the 
particular  what  the  general  might  be.  Certainly  the  reasoner  does  not 
approach  his  task  w ith  no  p econceptions.  To  the  new  data  he  adds  other 
facts  and  data  already  known,  and  he  calls  into  play  previously  accepted 
ideas  that  appear  relevant.  Whatever  the  method,  the  ultimate  lest  is 
whether  it  works. 
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A continuing  task  of  the  space  science  manager  was  to  assess  progress  in 
the  program,  and  various  criteria  for  measuring  the  worth  of  scientific 
accomplishments  have  been  used.  In  this  regard  the  author  finds  attractive  a 
number  c*  concepts  provided  by  Thomas  S.  Kuhn.7 

A scientist  approaches  a new  situation  or  problem  with  a definite  men- 
tal picture  of  how  things  ought  to  be,  what  processes  should  be  operative, 
what  kinds  of  results  are  to  be  expected  from  different  experiments.  This 
mental  picture— which,  with  some  leeway  for  differing  points  of  view,  he 
shares  with  scientific  colleagues  working  in  the  same  field— has  developed 
over  the  years  from  experimentation  and  obseivation,  hypothesizing,  theo- 
rizing, and  testing.  It  has  stood  the  ordeal  of  searching  tests  and  has  proved 
its  value  in  predicting  new  results  and  in  integrating  what  is  known  of  the 
field  into  a logically  consistent,  useful  description  of  nature. 

To  this  shared  mental  construct,  Kuhn  gives  the  name  paradigm,  a 
substantial  extension  of  the  usual  meaning  of  the  term.  Thus,  the  iono- 
sphericists  share  a paradigm,  in  which  each  knows — or  at  least  agrees  to 
accept— that  there  is  an  ionosphere  in  the  upper  reaches  of  the  earth's 
atmosphere  consisting  of  electrons  and  positive  and  negative  ions,  varying 
in  intensity,  location,  and  character  with  time  of  day,  season,  and  the  sun- 
spot cycle.  He  knows,  or  agrees,  that  most  of  the  ionization  and  its  variation 
over  time  are  caused  by  solar  radiation,  and  that  the  ionosphere  has  a 
complex  array  of  solar-terrestrial  interrelations.  The  ionosphere  is  affected 
by  and  affects  the  earth’s  magnetic  field.  It  has  a profound  influence  on  the 
propagation  of  many  wavelengths  in  the  radio  frequency  region  of  the 
electromagnetic  spectrum  and  acts  like  a mirror  reflecting  waves  of  suitable 
wavelength,  a phenomenon  that  before  the  advent  of  the  communications 
satellite  afforded  the  only  means  of  round-the-world  short-wave  radio 
transmissions.  To  develop  thoroughly  the  paradigm  shared  by  ionospheric 
physicists  would  be  a lengthy  proposition,*  but  the  reader  may  find  the 
above  sufficiently  suggestive. 

As  another  example,  solar  physicists  share  a paradigm  in  which  the  sun 
is  regarded  as  an  average  sort  of  star,  about  10  billion  years  old  and  with 
some  billions  of  years  still  to  go  before  it  evolves  into  a white  dwarf.  It 
originated  as  a condensation  of  dust  and  gases  from  a huge  nebula  and  was 
heated  by  the  gravitational  energy  released  by  the  falling  of  the  nebular 
material  into  the  contracting  solar  ball  until  internal  temperatures  rose 
sufficiently  to  initiate  nuclear  burning  of  hydrogen,  the  major  source  today 
of  the  sun's  radiant  energy.  And  so  on.9  Workers  in  the  field  of  solar  studies 
understand  each  other,  they  have  a common  way  of  looking  at  things,  they 
approach  problems  with  a similar  orientation. 

Individual  scientists  usually  share  a number  of  paradigms  w'ith  different 
colleagues.  The  paradigms  of  the  upper  atmosphere  physicist  :nd  the 
ionosphericist  overlap  greatly.  While  an  ionospheric  investigator  is  apply- 
ing his  ionospheric  paradigm  to  his  work,  he  also  has  in  the  back  of  his 
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mind  that  the  laws  of  physics  and  chemistry  must  apply  to  the  ionosphere, 
and  when  appropriate  the  ionospheric  researcher  brings  to  bear  the  para- 
digms of  chemistry  and  modern  physics.  Likewise  the  solar  physicist  must 
constantly  borrow  from  the  paradigms  of  astronomy,  astrophysics,  physics, 
nuclear  physics,  and  plasma  physics. 

The  importance  of  the  currently  accepted  paradigm  or  paradigms  in 
guiding  a scientist  in  his  researches,  in  determining— and  determining  is 
not  too  strong  a word— what  he  will  perceive  when  he  encounters  a new 
situati  >n,  cannot  be  overestimated.  Even  the  nonscientist,  by  osmosis  from 
the  press,  television,  and  literature,  in  addition  to  his  formal  schooling, 
absorbs  many  significant  concepts  from  the  paradigms  of  the  working 
scientists.  Mosi  of  the  fundamental  concepts  about  the  nature  of  the  universe 
shared  by  modern  man  have  derived  from  the  scientific  developments  of  the 
last  two  centuries.  With  these  concepts  infused  into  one’s  thinking,  an 
enormous  eflort  would  be  required  to  see  the  universe  and  the  world  as  they 
were  visualized  by  the  medieval  thinker.  As  Herbert  Butterfield  put  it: 

The  greatest  obstacle  to  the  understanding  of  the  history  of  science  is  our 
inability  to  unload  our  minds  of  modem  views  about  the  nature  of  the  uni- 
verse. We  look  back  a few'  centuries  and  we  see  men  with  brains  much  more 
powerful  than  ours— men  who  stand  out  as  giants  in  the  intellectual  history  of 
the  world— and  sometimes  they  look  foolish  if  we  only  superficially  observe 
them,  for  they  were  unaware  of  some  of  the  most  elementary  scientific  princi- 
ples that  we  nowadays  learn  at  school.  It  is  easy  to  forget  that  sometimes  it 
took  centuries  to  discover  which  end  of  the  stick  to  pick  up  when  starting  on  a 
certain  kind  of  scientific  problem,  it  took  ages  of  bitter  controversy  and 
required  the  cooperative  endeavor  of  many  pioneer  minds  to  settle  certain 
simple  and  fundamental  principles  which  now  even  children  understand 
w ithout  any  difficulty  at  all.10 

Thus  the  concept  of  the  paradigm  is  more  than  a mere  convenience.  In 
terms  of  the  paradigm  one  can  discern  several  stages  in  the  scientific  process. 
First  of  all,  the  existence  of  shared  paradigms  in  a scientific  area  indicates 
some  measure  of  maturity  of  the  field.  In  its  beginning,  a newly  developing 
field  tend*  to  fumble  along  without  any  accepted  conceptual  framework, 
and  each  new  datum  or  observation  may  seem  to  heighten  the  complexity 
and  confusion.  In  time,  however,  discerning  minds  begin  to  perceive  some 
ordei.  and  a workable  paradigm  begins  to  evolve.  A good  example  is  fur- 
nished by  the  birth  of  modern  chemistry  in  the  very  confused,  yet  highly 
productive,  second  half  of  th~  18th  century.11 

In  its  maturity  a field  of  science  exhibits  alternating  periods  of  what 
Kuhn  refers  to  as  normal  science  and  scientific  revolution.  Dining  a period 
of  normal  science,  the  accepted  paradigm  appears  to  wrrk  well,  satisfacto- 
rily explaining  new  observations  and  results  as  thev  accumulate.  It  is  a 
period  in  which  measurements  and  observations  tend  to  illuminate  and 
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expand  upon  the  accepted  paradigm,  but  not  to  challenge  it.  Most  scien- 
tific work  ts  normal  science  in  this  sense. 

Occasionally  new  experimental  results  don't  appear  to  fit  the  frame- 
work of  the  accepted  paradigm.  When  that  occurs,  attention  is  directed 
toward  finding  an  explanation.  Generally  the  first  efforts  are  to  find  a way  of 
retaining  the  accepted  paradigm,  particularly  if  it  has  proved  highly  pro- 
ductive and  illuminating  in  the  past.  Perhaps  the  paradigm  can  he  extended 
or  even  bent  to  accommodate  the  new  results.  In  fact,  the  scientist's  inclina- 
tion is  to  tolerate  a considerable  amount  of  misfit  to  save  a particularly 
useful  paradigm. 

But  when  the  challenge  to  the  previously  accepted  paradigm  becomes 
too  severe,  and  acceptable  modifications  or  extensions  won’t  accommodate 
the  new  results,  then  a change  in  paradigm  becomes  necessary.  Such  peri- 
ods. bringing  a forced  change  of  paradigms.  Kuhn  designates  as  scientific 
revolutions.  Periods  of  scientific  revolution  are  likely  to  be  exciting  (at 
least  to  scientists),  highly  active,  with  much  debate  and  a lot  of  fumbling 
around  trying  to  find  a way  out.  Classical  examples  of  scientific  revolu- 
tions are  furnished  by  the  shift  from  Newtonian  to  Einsteinian  relativitv 
and  from  classical  to  quantum  physics.12  A more  recent  example  is  to  be 
found  in  the  upheavals  of  the  1950s  and  1960s  in  geophysics  and  geology 
leading  to  the  now  general  acceptance  of  the  concepts  of  sea-floor  spread- 
ing, continental  drift,  and  plate  tectonics  as  fundamental  features  of  the 
paradigm  that  today  guides  the  researcher  in  experimenting  and  theorizing 
about  the  nature  of  the  earth’s  crust.13 

For  this  book  the  concepts  of  paradigm,  normal  science,  and  scientific 
revolution  furnish  a way  to  trace  and  assess  the  development  of  space  science 
through  the  first  decade  or  so  of  NASA’s  existence.  Nevertheless,  the  reader  is 
cautioned  that  the  concept  of  the  paradigm  in  the  scientific  process — or  the 
manner  in  which  the  concept  is  used— has  been  extensively  criticized. M A 
major  concern  has  been  the  difficulty  of  supplying  the  concept  with  any 
great  degree*  of  precision  and  the  consequent  fuzziness  in  the  picture  one  can 
draw  of  the  role  really  played  by  the  paradigm  in  science.  Critics  have 
pointed  out  that  Kuhn  himself  has  used  the  concept  in  numerous  different 
ways.  Also,  the  simultaneous  existence  at  times  of  conflicting  paradigms, 
each  receiving  support  t om  its  separate  group  of  adherents — as,  for  t Ad  - 
pie,  in  the  many  yc^rs  during  the  18th  century  when  b >th  the  caloric  • i 
mechanical  theories  of  heat  had  their  supporters — is  pointed  to  as  indicating 
that  Kuhn’s  concept  of  scientific  revolution  is  too  simplistic  to  embrace  the 
whole  picture  of  how*  science  moves  and  how*  revolutions  occur  in  scientific 
thought. 

In  spite  of  the  criticism  the  paradigm  appeals  to  the  author  as  useful  and 
even  fundamental;  he  suspects  the  criticism  can  be*  met.  At  any  rate,  for  this 
book  the  straightforward  interpretation  of  the  role  of  paradigm  in  science 
w ill  suffice  and  should  be  useful. 
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Spao  Science 

This  book  is  about  space  science.  The  subject  is  simple  in  concept, 
comprising  those  scientific  investigations  made  possible  or  significantly 
aided  by  rockets , satellites , and  space  probes . But  in  its  realization  space 
science  turns  out  to  be  very  complex  because  of  the  diversity  erf  scientific 
investigations  made  possible  by  space  techniques. 

Interest  in  the  phenomena  of  space  is  not  recent,  its  origins  bring  lost  in 
the  shadows  of  antiquity.  Impelled  by  curiosity  and  a desire  to  understand, 
man  has  long  studied,  charted,  and  debated  the  mysteries  of  the  celestial 
spheres.  Out  of  this  interest  came  eventually  the  revolution  in  thought  and 
outlook  initial'  by  Copernicus,  supported  by  the  remarkably  precise  meas- 
urements of  Tycho  Brahe,  illuminated  by*  the  observations  of  Galileo  and 
the  insights  of  Kepler,  and  given  a theoretical  basis  by  Newton  in  his  pro- 
posed law  of  gravitation.  The  Copemican  revolution  continues  to  unfold 
today  in  human  thought  and  lies  at  the  heart  of  modem  astronomy  and 
cosmology.15 

Yet,  until  recently  outer  space  was  inaccessible  to  man,  and  whatever 
was  learned  about  the  sun.  planets,  and  stars  was  obtained  by  often  elaborate 
deductions  from  observations  of  the  radiations  that  reached  the  surface  of 
the  earth.  Nor  were  all  the  inaccessible  reaches  of  space  far  away.  The 
ionosphere,  important  because  of  us  role  in  radio  communications,  was  not 
as  far  away  from  the  man  on  the  ground  below  as  Baltimore  is  from 
Washington-  Nevertheless,  until  the  advent  of  tlv  large  rocket,  the  iono- 
sphere remained  inaccessible  not  only  to  mat*  himself  but  even  to  his 
instruments.  As  a result  many  of  the  conclusions  about  the  upper  atmos- 
phere and  the  space  environment  of  the  earth  were  quite  tentative,  being 
based  on  highly  indirect  ev  idence  and  long  chains  of  theoretical  reasoning. 
Time  and  again  the  theorist  found  himself  struggling  with  a plethora  of 
possibilities  that  could  be  reduced  in  number  only  if  it  were  possible  to  make 
in  situ  measurements.  Lacking  the  measurements,  the  researcher  w?as  forced 
into  guesswork  and  speculation. 

Small  wonder,  then,  that  when  large  rockets  appeased  they  w’ere  soon 
put  to  work  carry  ing  scientific  instruments  into  the  upper  atmosphere  for 
making  the  long  needed  in  situ  measurements.  From  the  very  start  it  was 
clear  that  the  large  rocket  brought  with  it  numerous  possibilities  for  aiding 
the  investigation  and  exploration  of  the  atmosphere  and  space.  It  could  be 
instrumented  to  make  measurements  at  high  altitude  and  fired  along  a 
vertical  or  nearly  vertical  trajectory  for  the  purpose,  falling  back  to  earth 
after  reaching  a peak  altitude.  When  so  used  the  rocket  became  known  as  a 
sounding  rot/fef  or  rocket  sonde . and  the  operation  was  referred  to  as 
sounding  the  upper  atmosphere. 

A rocket  could  also  be  used  to  place  an  instrumented  capsule  into  orbit 
around  the  earth,  where  the  instruments  could  make  extended-duration 
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measurements  of  the  outer  reaches  of  the  earth's  atmosphere  or  observations 
of  the  sun  and  other  celestial  objects.  Or  the  rocket  might  launch  an  instru- 
mented capsule  on  a trajectory  that  would  take  it  far  from  the  earth  into 
what  was  referred  to  as  deep  space,  perhaps  to  visit  and  make  observations  of 
the  moon  or  another  planet.  The  orbiting  capsules  were  called  artificial 
satellites  of  the  earth;  those  sent  farther  out  came  to  be  known  as  space 
probes  or  deep  space  probes.  Finally,  the  ultimate  possibility  of  carrying 
men  away  from  the  earth  to  travel  through  deep  space  and  someday  to  visit 
other  planets  emphasized  dramatically  the  new  power  that  men  had 
acquired  in  the  creation  of  the  large  rocket. 

A language  of  rocketry  emerged,  which  the  news  media  popularized. 
Familiar  words  took  on  new  meanings,  and  new  terms  were  encountered: 
artificial  satellite,  spacecraft,  space  launch  vehicle,  rocket  stages,  count- 
down. liftoff,  trajectory,  orbit,  tracking,  telemetering,  guidance  and  control, 
retrorockets,  reentry— and  space  science. 

Through  all  the  centuries  of  scientific  interest  in  space  phenomena,  the 
phrase  space  science  had  not  gained  common  use.  That  the  terminology  did 
not  come  into  use  until  after  rockets  and  satellites  brought  it  forth  gives 
[one  to  the  definition  of  space  science  given  at  the  start  of  this  section.  That 
definition  sets  forth  the  meaning  in  mind  when  in  June  1957  the  U.S. 
National  Academy  ot  Sciences  combined  the  functions  of  the  IG  Y Technical 
Panel  on  Rocketry  and  the  IGY  Technical  Panel  on  the  Eanh  Satellite 
Program  into  a single  board,  naming  it  the  Space  Science  Board.  That  is  the 
meaning  implied  by  the  discussions  in  the  first  book-length  publication  by 
the  Spat  ? Science  Board  a few  years  later.1*  That  is  the  me.  ning  picked  up 
by  Samuel  Glasstone  in  1965  in  his  comprehensive  survey  of  space  science: 

The  space  sciences  may  be  defined  as  those  areas  of  science  to  which  new 
knowledge  can  be  contributed  by  means  of  space  vehicles,  i.e.,  sounding  rockets, 
satellites,  and  lunar  and  planetars  probes,  either  manned  or  unmanned.  Thus 
space  science  does  not  constitute  a new  science  but  represents  an  important 
extension  of  the  frontiers  of  such  existing  sciences  as  astronomy,  biology, 
geodesy,  and  the  physics  and  chemistry  of  Earth  and  its  environment  and  of 
the  celestial  bodies.'7 


While  the  basic  meaning  of  space  science  was  clear  and  unvarying  from 
the  start,  the  exact  nature  of  the  activity,  and  in  particular  its  relationship  to 
the  rest  of  science,  was  not  always  so  dear.  Glasstone’*  use  in  the  above 
quotation  of  space  sciences  in  one  place  and  space  science  in  the  very  next 
sentence  reflects  one  question  that  arose  often  during  the  first  years  of  the 
NASA  program.  Is  space  science  a new  scientific  discipline*  or,  if  not  yet. 


•A  vtenufic  di.v  tpltnr  i>  an  jru  of  vtcrmfu  uivrMtgalion  in  whnh  fhc  imrttigator*  vlurr  a 
ttunmon  jMtadigm  nv  group  <4  paradigm*,  cm!*.*  mg  a tommon  both  <4  ?hdn..  and  mbniqurv  ami 
often  immimmtaiton  that  Mem  from  *he  underlying  rhtvwrrtHal  luviv  of  the  di*<  tpline. 
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will  ii  in  time  develop  into  a new  discipline?  The  question  arose  primarily 
because  of  the  puie-science  character  of  space  science  and  the  strong  coher- 
ence that  quickly  developed  in  the  field,  but  also  because  of  the  broad  range 
of  scientific  topics  to  which  research  was  addressed.  The  initial  answer  to  the 
question  generally  agreed  to  by  those  in  the  program  was  that  given  by 
Glasstone:  space  science  was  not  a new  discipline  and  should  not  be  ex- 
pected to  become  one.  The  initial  response  was  probably  intuitive,  but  in 
retrospect  it  is  seen  to  have  been  the  correct  answer. 

Space  science  makes  extensive  contributions  to  geophysics;  but  this  part 
of  space  science  remains  a part  <4  the  discipline  of  geophysics,  using  its 
techniques  and  instrumentation  and  employing  and  extending  its  bask 
theory' — sharing  its  paradigm,  that  is.  The  researchers  using  space  tech- 
niques for  geophysical  investigations,  while  perhaps  thinking  of  themselves 
as  space  scientists,  continue  to  call  themselves  geophysicist*,  to  be  members 
of  geophysical  societies  like  the  American  Geophysical  Union,  to  present 
their  papers  at  geophysical  meetings  and  to  publish  them  in  geophysical 
journals. 

Space  science  also  makes  numerous  contributions  to  astronomy,  but 
again  the  parts  of  space  science  devoted  to  astronomy  remain  a part  of  the 
discipline  of  astronomy,  and  space  scientists  using  rockets  for  astronomical 
research  continue  to  view  themselves  as  astronomers.  Their  results  ate  pre- 
sented at  meetings  like  those  of  (he  American  Astronomical  Society  or  the 
International  Astronomical  Union*  and  are  published  in  their  journals  or 
proceedings. 

Cosmic  ray  physicists  find  space  methods  advantageous  in  many  of  their 
researches,  but  continue  to  be  cosmic  ray  physicists  first  and  space  scientists 
only  incidentally.  Examples  ran  be  multiplied  at  length. 

Nevertheless,  for  several  years  following  Sputnik  the  thought  that  space 
science  might  evolve  into  a separate  discipline  persisted.  One  can  under- 
stand why.  The  demands  imposed  by  rockets  and  spacecraft  on  the  run- 
ning of  a science  program  were  severe,  giv  ing  a coherence  to  the  field  akin 
to  that  characteristic  of  a scientific  discipline.  But  rockets  and  spacecraft 
did  not  rest  upon  or  stem  from  the  scientific  disciplines  they  served. 
Rather,  they  were  simply  trucks  to  Provide  transportation  to  otherwise 
inaccessible  places,  while  the  genuine  techniques  and  instrumentation  of 
•he  investigations  were  those  of  the  individual  disciplines  that  benefited 
from  the  new  means  of  transportation. 

To  emphasize  the  diverse  scientific  disciplines,  writers  sometimes  chose 
to  use  the  phrase  space  sciences.  At  other  times  authors  used  science  in  space 


"Although  mmh.  (MolvtbK  m«M.  oi  ihr  vjvnr  m trt*  < mr.m  Ii  on  the  moon  phnriv  into 
ihf  tirsiipliiKs  of  grophxMt^  ,hk!  j^xht-miMiv.  the  Phnrun  Stinkn  Ihvixion  <4  AAS  jml  (iommiv 
%ion  Ih  (PIjwivi  ,iik1  ( jminrnsion  17  tMoniii — in  1979  mtignl  ,tv  m*%v  (rimtmvvion  lh — of  thr  JAt* 
h.*\r  nuiiitjinrrl  «i  u^tirtHiv  micrrM  in  ibry  jvfiruv  of  vjutr  vtimr  rw«m  h 
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to  imply  that  space  science  was  not  separate  from  science  on  the  ground  and 
was  neither  more  nor  less  than  the  familiar,  everyday  science  carried  out  in  a 
new  arena.  These  initial  uncertainties  were  reflected  in  the  changing  names 
given  to  the  space  science  group  in  NASA  Headquarters  by  the  author  and 
his  colleagues.  In  1958  and  1959  the  division  in  the  Office  of  Space  Flight 
Development  that  had  responsibility  for  scientific  research  in  spacr  was 
labeled  Space  Science.  When  NASA  Headquarters  reorganized  under  the 
new  administrator.  James  E.  Webb,  the  space  science  program  was  elevated 
to  the  level  of  a separate  office,  which  called  attention  to  the  plural  nature  of 
its  activity  in  its  title:  Office  of  Space  Sciences.  Finally,  in  the  reorganization 
of  1963  that  brought  science  and  applications  together  under  one  head. 
NASA  settled  on  space  science  as  its  choice  for  the  rest  of  the  1960s,  designat- 
ing the  new  entity  as  the  Office  of  Space  Science  and  Applications.1* 

If  space  science  had  been  distinctly  separate  from  the  rest  of  science. 
NASA  might  well  have  felt  less  impelled  to  draw  in  the  wide  participation 
that  the  agency  encouraged  in  the  program.  .As  it  was.  recognizing  that  no 
single  agency  could  reasonably  expect  to  bring  within  its  own  halls  the 
expertise  needed  lor  all  the  separate  disciplines.  NASA  consciously  sought 
broad  participation  from  the  outside  scientific  community,  especially  from 
the  universities,  where  the  greatest  interest  in  pure  science  was  to  be  found. 

Within  the  universities  the  question  arose  in  a somewhat  different  form. 
As  the  numbers  of  those  entering  space  science  research  grew  apace,  a need 
to  provide  training  for  new  scientists  who  might  wish  to  pursue  space 
research  as  a career  became  evident.  Should  this  be  done  by  setting  up 
departments  of  space  science  in  universities?  The  instinct  of  NASA  program 
managers  was  not  to  do  so.  and  when  asked  they  advised  against  it.  recom- 
mending instead  that  opportunities  be  provided  within  the  traditional 
departments  of  astronomy,  physics,  geophysics,  geology  , etc.,  for  taking  on 
spare-related  problems  as  thesis  lupus.  Most  universities  saw  it  this  way. 
although  a lew  decided  to  experiment  with  sejwrate  space  science  de- 
partments.* 

The  inseparability  of  space  science  from  the  rest  of  science  and  the  broad 
range  of  disciplines  to  which  space  techniques  promised  to  contribute  gave 
impetus  to  the  rapid  development  of  science  in  the  national  space  program. 
It  must  be  emphasized  that  scientists  came  into  the  program  with  problems 
that  had  been  under  attack  by  ocher  methods  and  that  appeared  to  need  some 
new  approach  if  they  were  to  be  solved.  The  promise  to  provide  that  new 
approach  drew  researchers  first  to  sounding  rockets  and  later  to  satellites 
and  space  probes. 


•Our  vuctewful  rx^xTimmi  wav  fhe  Department  nf  Spare  Virtues  vet  up  bv  Rwr  rntverwn  under 
the  dimuon  of  j voting  thmrrtHa!  phwitiM.  IV  Alexander  Dewier,  who  had  done  < tjnsidrrabir 
mranh  on  the  nrwh  diy  otrmJ  toreMrwl  nugwunjihur  and  who  lot  wmr  vran  tmnl  the  American 
(icophvMt  al  I 'nion  a*  edilcif  of  the  spate  m iciHrs  vet  non  of  the  )r>urn*l  of  ( irophyticel  Hrsrau  h, 
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Writing  about  six  years  after  tne  start  of  sounding  rocket  research  in  the 
United  States,  in  what  was  probably  the  first  book  devoted  to  the  subject,  the 
author  was  able  to  find  in  the  scientific  literature  significant  results  to  report 
on  upper  atmospheric  pressures,  temperatures,  and  densities;  atmospheric 
composition;  solar  radiations  in  the  ultraviolet  and  x-rays;  upper-air  winds; 
the  ionosphere  and  the  earth's  magnetic  field;  cosmic  rays;  and  high-altitude 
photography.  A year  later  the  list  was  extended  even  further  in  a book 
reporting  the  papers  presented  at  the  first  international  conference  on  the 
subject  of  high-altitude  rocket  research,  arranged  by  the  Upper  Atmosphere 
Rocket  Research  Panel  (see  chap.  4)  of  the  United  States  and  the  Gassiot 
Committee  of  the  Royal  Society  of  London.1*  In  1956,  just  a decade  after  the 
start  cf  rocket  sounding  of  the  upper  atmosphere,  the  Upper  Atmosphere 
Rocket  Research  Panel,  extrapolating  from  its  sounding  rocket  experience, 
turned  its  attention  to  the  researches  that  would  be  possible  with  instru- 
men 'id  satellites  of  the  earth.  These  deliberations  were  published  in  the  first 
book  on  the  subject  to  be  assembled  by  persons  professionally  engaged  in 
high-altitude  research. 29  To  the  research  topics  listed  above,  the  book  added 
some  new  ones:  meteors  and  interplanetary  dust,  particle  radiations  from  the 
sun.  the  aurora,  stellar  astronomy,  meteorology,  and  geodesy.  The  potential 
contributions  to  science  of  both  manned  and  unmanned  spacecraft  were 
discussed  in  the  Space  Science  Board's  first  book.  While  most  attention  was 
devoted  to  unmanned  exploration  of  space,  the  ultimate  potential  of 
manned  spaceflight  was  recognised  in  such  words  as:  “The  significant  and 
exciting  role  of  man  lies  in  the  exploration  of  the  Moon  and  planets."21 

Such  scientific  investigations,  made  possible  by  sounding  rockets  and 
spacecraft,  came  to  define  what  is  meant  by  space  science.  Much  of  the 
potential  of  space  science  was  already  discernible  before  ever  a satellite  had 
been  launched,  and  by  the  end  of  I960 — by  which  time  the  first  NASA 
administrator.  Keith  Glennan,  had  set  the  agency  firmly  on  its  course — the 
broad  sweep  of  space  science  was  fully  apparent.  By  the  end  of  a decade 
space  science  research  had  become  worldwide,  and  a steady  flow  of  results 
was  pouring  into  the  literature.22 
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To  divorce  modem  science,  including  space  science,  from  other  pursuits 
erf  society  is  impossible.  What  scientists  do  obviously  and  pervasively  affects 
the  rest  of  society.  Reciprocally,  the  complex  activities  of  society,  its  motiva- 
tions and  changing  objectives,  what  it  chooses  _o  develop  and  use  of  tech- 
nology, as  wel!  as  the  specific  support  that  society — for  a variety  of  reasons — 
provides  to  science,  determines  in  large  measure  what  researches  scientists 
undertake.  A properly  rounded  history  of  space  science  should  treat  of  more 
than  the  technical  subject  matter  of  the  science  itself. 

As  might  be  supposed,  scientists  a.e  usually  moved  to  take  up  their 
researches  by  a curiosity  that  impels  them  to  find  out  how  nature  works. 
The  scientist  is  likely  to  be  driven  by  his  personal  fascination  with  his 
profession.  He  is  willing  to  devote  long,  physically  and  mentally  taxing 
hours  to  his  work  and  to  endure  hardships  and  danger — like  the  astronomer 
in  the  small  hours  of  the  night  at  the  mountain  top  observatory,  or  the 
atmospheric  scientist  wintering  over  through  the  long  Antarctic  darkness,  or 
the  undersea  explorer — if  only  he  be  given  the  necessary  resources  for  pursu- 
ing his  researches. 

But  why  should  society  support  an  individual  in  what  so  often  appears 
to  be  a highly  personal  endeavor,  particularly  when  the  price  tag  today  can 
run  into  millions  or  hundreds  of  millions  of  dollars?  Those  seeking  support 
for  science  have  to  wrestle  with  this  fundamental  question  constantly.  The 
answer  for  science  often  can  be  quite  simplistic.  From  the  knowiedge 
acquired  through  scientific  investigations,  it  is  argued,  come  eventually 
many  of  the  technologies  and  their  practical  applications  that  people  want 
and  will  pay  for  in  the  marketplace  (like  radio,  telev  ision,  home  appliances, 
modern  textiles,  better  automobiles,  and  boats)  or  need  and  must  pay  for 
(like  improved  agriculture,  health  tare,  modem  communications,  and  trans- 
portation of  food,  materials,  and  supplies).  That  is  the  principal  reason  why 
society  finds  it  profitable  to  support  a considerable  amount  of  science. 

But  the  simplistic  answer  gives  no  hint  of  the  complexity  of  the  vexing 
questions  that  arise  w hen  government  and  industry  are  asked  to  foot  the  bill, 
particularly  for  w’hat  is  sometimes  called  pure  science.  What  applications 
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will  result?  How  long  will  it  taker  How  much  scientific  research  will  be 
needed?  What  kind  of  research  would  be  best  for  an  optimum  practical 
return  on  the  investment?  Where  should  the  research  be  done— in  industry, 
the  universities,  government  laboratories,  or  research  institutes?  Who  should 
decide  what  research  to  do? 

There  is  no  absolute  answer  to  any  of  these  questions,  and  circumstan- 
ces can  make  some  of  them  exceedingly  perplexing.  The  literature  on  the 
subject  is  overwhelming,  and  any  discussion  of  such  matters  demonstrates 
quickly  that  science  has  many  aspects  and  complex  relationships  with  other 
human  endeavors.  It  becomes  important,  for  example,  to  distinguish  among 
science,  technology,  and  application. 

Technology  is  not  science,  nor  is  science  technology,  but  there  are 
important  relationships  between  them.  Technology  is  technical  know-how, 
the  knowledge  and  ability  to  do  things  of  a technical  or  engineering  nature, 
including  the  field  of  industrial  arts.  On  the  basis  of  considerable  know- 
how, or  technology,  the  Babylonians  built  and  operated  a remarkable  irriga- 
tion system;  equally  remarkable  was  the  technology  of  the  ancients  in  con- 
struction. But  neither  technology  derived  from  science  as  we  know  it.  On  the 
other  hand  a tremendous  amount  of  technology  does  flow  from  the  results  of 
scientific  research.  Examples  are  to  be  found  in  electronics,  synthetic  mate- 
rials, transportation,  and  medicine. 

Technology  also  supports  science.  Electronics  provides  invaluable  serv- 
ice to  science  in  detection  and  measurement;  the  technology  of  materials  is 
important  in  radiation-detection  instruments;  computer  technology  is  a 
great  boon  to  the  theorist;  and  modem  engineering  is  fundamental  to  the 
design  and  construction  of  modern  astronomical  telescopes,  huge  particle 
accelerators,  and  nuclear  reactors.  Rocket  technology  made  space  science 
possible;  that  technology  in  its  tum  rests  on  the  results  of  considerable 
scientific  research. 

Application  is  the  last  step  in  the  chain  from  technical  know-how  to 
actual  use.  Thus,  the  use  of  meteorological  satellites  for  weather  observa- 
tions is  an  application  of  both  scientific  knowledge  (of  the  atmosphere)  and 
technology  (of  spacecraft  construction,  instrumentation,  and  operation). 

The  intimate  relationships  among  science,  technology,  and  applica- 
tions give  rise  to  many  questions  like  those  cited  earlier.  Some  sort  of 
rational  response  must  be  made  to  sueh  questions  when  the  public  is  asked 
to  spend  billions  of  dollars  of  tax  money  a year  for  scientific  research  and 
many  more  billions  of  dollars  a year  on  civilian  and  military  technical 
development.  The  need  to  respond  to  such  queries  has  been  a continuing 
requirement  throughout  the  space  science  program,  and  most  certainly  will 
continue.  These  issues  should  be  examined,  therefore,  in  enough  depth  to 
understand  how  they  influenced  the  space  science  program.1 

Take,  for  example,  the  question;  What  applications  will  result?  If  the 
question  is  asked  about  applied  research  that  is  intentionally  directed 
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toward  a specific  application  already  in  the  minds  of  the  researcher  and  his 
supporters,  then  that  specific  application  will  be  the  end  result  if  it  turns  out 
to  be  at  all  possible  and  economically  sensible.  For,  as  the  researcher  pursues 
his  investigations,  he  will  always  be  oriented  toward  the  prescribed  end. 
New  scientific  results  that  appear  to  lead  in  the  direction  of  the  desired 
application  will  be  pursued,  while  avenues  that  appear  to  lead  in  some 
other  direction  will  not  be  followed — though  they  may  hold  promise  of 
answering  very  fundamental  questions  about  nature,  the  answers  to  which 
might  prove  of  more  practical  benefit  than  those  the  applied  researcher 
feels  constrained  by  his  assignment  to  investigate. 

Here  is  the  crux  of  the  matter.  The  uncommitted  scientist  will  pursue 
the  avenues  that  appear  to  offer  the  greatest  promise  of  answering  the  most 
fundamental  questions  about  the  nature  of  matter,  energy,  physical  laws, 
the  universe;  the  committed  orientation  of  the  applied  researcher  will  keep 
him  always  working  toward  the  planned  application.  To  the  industrial 
manager,  the  legislator,  the  government  administrator,  the  latter  goal  might 
seem  preferable  to  get  a specific  job  done— and  very  often  it  is.  To  invest 
funds  in  support  of  research  that  holds  greatest  promise  of  a specific  desired 
application  is  the  most  easily  justified  and  patently  wise  course  erf  action. 

Yet  there  is  a pitfall.  Time  and  again  invaluable  practical  benefits  have 
come  from  uncommitted  research  and  could  not  have  been  foreseen  or  pre- 
dicted. Pure  science,  almost  by  definition,  precludes  a clear  prediction  of 
results.  It  is  the  search  for  new  knowledge.  If  the  knowledge  were  known 
ahead  of  time,  it  would  not  be  new. 

The  classical  example,  often  cited,  is  the  discovery  of  x-rays  by  Wilhelm 
Conrad  Roentgen  in  1895.  Within  a year  of  their  discovery,  x-rays  were 
being  put  to  practical  use  in  medicine,  and  in  time  became  of  enormous 
value  in  medicine,  industry,  and  scientific  research.  Roentgen’s  discovery 
resulted  from  experimenting  with  electron  beams  in  evacuated  tubes.  Had 
he  been  directly  seeking  something  of  value  for  the  medical  profession,  he 
would  most  likely  have  put  away  his  electron  beams  and  taken  up  some 
more  “practical”  line  of  investigation,  and  the  discovery  of  x-rays  wou'.d 
have  been  postponed. 

F.xamples  of  practical  returns  from  pure  science  can  be  multiplied 
almost  ad  infinitum;  for  example.  James  Clerk  Maxwell's  work  on  the 
theory  of  electricity  and  magnetism  and  the  whole  train  of  subsequent  elec- 
tromagnetic applications;  Heinrich  Rudolf  Hertz's  propagation  experi- 
ments and  radio;  John  Dalton’s  work  on  combining  weights  and  modern 
chemistry:  Christiaan  Huygen’s  work  on  optics  and  the  optical  industry; 
and  the  years  of  purely  scientific  investigation  into  the  atom  and  its  nucleus 
that  furnished  the  basis  for  the  Manhattan  Project,  which  in  turn  led  to 
modern  nuclear  applications.2 

The  uncommitted  researcher,  while  he  cannot  point  to  the  future  and 
say  that  his  researches  w’ill  produce  this  or  that  specific  application  as  a 
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payoff,  can  look  back  and  point  to  use  after  use  that  was  eventually  made  of 
the  results  of  his  kind  of  nonprogrammatic,  nonapplied,  uncommitted 
research.  Many  have  argued  the  historical  record  to  justify  support  of  pure 
science,  including  support  of  enough  researchers  free  from  the  constraints 
of  programmatic  or  applied  research  to  provide  the  uncommitted  frame  of 
mind  that  is  most  likely  to  follow  up  interesting  new  discoveries  wherever 
they  might  lead.3 

The  importance  of  uncommitted  research  goes  even  deeper.  Even  the 
applied  researcher  relies  on  the  scientific  paradigms  that  he  has  inherited 
from  decades  and  centuries  of  research,  and  these  are  based  on  data  and 
results,  a large  part  of  which  came  from  uncommitted  research.  The  truth  of 
this  assertion  was  borne  out  by  a series  of  studies  supported  by  the  National 
.Science  Foundation  and  published  as  Technology  in  Retrospect  and  Criti- 
cr.!  Events  in  Science  ("Traces”).4  Several  technologies  or  technological 
«;i  ip* 'cations*  were  reviewed  historically  to  identify  scientific  results  that  had 
been  "kev  to  the  progress  of  research  towards  the  innovation”  under  study. 
Without  going  too  far  afield,  some  of  the  Traces  conclusions  should  be 
noted.  The  study  found  for  each  case  that  about  a decade  before  the 
application — that  is,  about  the  time  one  was  finally  in  a position  to  discern 
and  del iih  technically  the  potential  application  or  technology — almost  all 
of  the  basic  research  needed  for  the  potential  application  had  been  done.t 
What  was  most  significant,  however,  was  that  all  applications  depended 
vitally,  critically,  on  a long  history  of  basic  research,  a substantial  part  of 
which  was  nonmission,  uncommitted  research:  in  the  cases  studied  more 
than  70  percent  of  the  key  scientific  results  stemmed  from  such  research. 
Moreover,  the  sources  of  the  critical  information  were  international  in 
scope,  and  universities,  industry,  government,  and  private  activities  made 
significant  contributions. 

This  kind  of  story  the  defenders  of  the  space  science  program  had  to 
convey  to  the  administration  and  the  Congress  to  obtain  funding.  There  was 
a narrow  path  to  tread.  Space  science  was  largely  pure  science,  and  re- 
searchers were  by  and  large  uncommitted  to  specific  practical  applications, 
although  many  of  them  showed  a keen  interest  in  applications  of  their 
results  to  such  purposes  as  meteorology,  geodesy,  and  earth-resources  sur- 
veys. To  retain  a free  hand  for  the  investigator  was  important,  but  if  the 
research  appeared  too  irrelevant  to  the  immediate  needs  of  society  or,  more 


•Magnetic  fernies.  the  video  tape  recorder.  the  oral  contraceptive,  the  electron  microscope.  and 
matrix  isolation. 

t Traces  dealt  with  a critical  point  raised  bv  C W.  Sherwin  and  R.  S I sen  son.  “First  Interim  Report 
on  Fidjfii  Hindsight  (Summary).”  Dept,  of  Defense,  Office  of  the  Dit.  of  Defense  Research  and  Engi- 
neering. 1966.  Ehr  Hindsight  report  caused  quite  a stir  among  scientists  and  gave  the  National  Science 
Foundation.  NASA,  and  other  government  agencies  supporting  basic  research  trouble  in  the  administra- 
tion and  on  the  Hill,  because  superficially  the  report  appeared  to  show  that  only  applied  research  was 
important  for  supporting  the  development  and  application  of  technology —in  this  case,  military 
application. 
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narrowly,  to  the  interests  of  the  legislator's  constituency,  support  would  be 
hard  to  come  by.  So  a substantial  effort  was  made  to  point  to  the  potential 
usefulness  of  the  space  science  research  that  was  in  need  of  support,5  at  times 
to  such  an  extent  as  to  distress  members  of  the  scientific  community.  The 
pressure  to  produce  useful  results  quickly  was  always  there,  and  the  scien- 
tists were  mindful  of  Vannevar  Bush’s  caution  that  ’’applied  research 
always  drives  out  the  pure.”* 

The  hazard  was  real,  for  if  the  importance  of  pure  science  for  future 
practical  usfs  was  not  communicated  to  the  legislators  funding  could  be 
difficult  to  obtain.  On  the  other  hand  overselling  could  generate  great  ex- 
pectations of  immediate  practical  returns,  with  a day  of  accounting  but  a 
few  years  down  the  road  in  some  future  budget  hearings.  In  general,  the 
practical  returns  from  pure  science  must  be  reckoned  as  being  well  into  the 
future,7  leaving  the  proponents  of  pure  science  writh  a very  tricky  selling  job. 
An  appropriate  scale  seems  to  be  that  the  lime  from  basic  research  result  to 
its  substantial,  continuing  use  in  practical  applications  is  two  or  more 
decades.  The  author’s  view’  is  that  new’  knowledge  begins  to  be  applied 
extensively  only  when  it  has  become  second  nature  to  the  appliers  and 
springs  more  or  less  readily  to  mind  as  needed.  The  lime  lag,  then,  is  related 
to  the  period  required  for  the  new  knowledge  to  diffuse  through  the  field, 
become  accepted,  and  enter  textbooks,  courses,  and  handbooks  — to  become 
a familiar  element  of  the  shared  paradigm  of  the  field. 

In  contrast,  to  develop  a difficult,  complex  technology'  once  the  essential 
concept  and  underlying  principles  are  know  n,  a decade  appears  to  be  about 
the  right  time  needed,  while  the  final  development  of  an  actual  application, 
once  the  basic  research  has  been  done  and  the  pertinent  technologies  worked 
out,  is  a matte  of  some  years.  Examples  of  the  development  of  applications 
in  the  space  tield  are  the  meteorological  and  communications  satellites 
which,  relying  on  the  research  and  technological  development  of  previous 
decades,  could  be  built  and  put  into  orbit  in  the  first  few’  years  of  NASA’s 
history. 

In  the  19th  century  the  time  for  new  results  to  diffuse  through  the  field 
and  become  accepted  into  the  paradigm— in  fields  with  dev  eloped  paradigms— 
was  about  50  years.*  Today,  with  the  more  rapid  flow  of  information,  con- 
stantly changing  study  courses,  and  frequent  revision  of  textbooks  and 
handbooks,  the  interval  is  down  to  perhaps  20  years,  w ith  many  examples  of 
applications  of  new  results  sooner  than  that.  It  would  seem,  however,  that 
some  practical  minimum  time  must  remain  for  new  knowledge  to  flow’ 
throughout  a field,  gain  acceptance,  and  become  second  nature  in  sizable 
numbers  of  practitioners.  If  so.  the  most  effec  tive  wav  of  speeding  up  the 
realization  of  practical  returns  from  newiv  acquired  information  is  to  speed 
up  the  process  of  making  it  second  nature  to  potential  appliers  of  the  infor- 
mation. Is  not  this  what,  on  a small  scale,  industrial  research  groups  and 
applied  research  institutes  try  to  do? 
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Space  science  was  in  the  main  pure  science,  and  its  researchers  were  un- 
committed to  the  development  of  practical  uses  of  the  results  they  obtained. 
But  administrations  and  congresses  were  committed  intellectually  and  po- 
litically to  the  realization  of  genuine  practical  returns  from  investment  of 
public  money.  Those  who  managed  the  program,  therefore,  had  to  strive  to 
preserve  and  protect  its  pure  science  character . while  making  plain  its 
ultimate  practical  worth,  and  to  do  this  without  undercutting  the  one  as- 
pect or  overselling  the  other. 
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Each  venture 

Is  a new  beginning,  a raid  on  the  inarticulate 
With  shabby  equipment  always  deteriorating 
In  the  general  mess  of  imprecision  of  feeling . 

T.  S.  Eliot , East  Coker 
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The  rocket  apparently  mack  its  debut  on  the  pages  of  history’  as  a fire 
arrow  used  by  the  Chin  Tartars  in  1232  for  fighting  off  a Mongol  assault 
on  Kai-fcng-fu.  The  lineage  to  the  immensely  larger  rockets  now  used  as 
space  launch  vehicles  is  unmistakable.1  But  for  centuries  rockets  were  in 
the  main  rather  small,  and  their  use  was  confined  principally  to  weaponry, 
the  projection  of  lifelines  in  sea  rescue,  signaling,  and  fireworks  displays. 
Not  until  the  20th  century  did  a clear  understanding  of  the  principles  of 
rockets  emerge,  and  only  then  did  the  technology  of  large  rockets  begin  to 
evolve.  Thus,  as  far  as  spaceflight  and  space  science  are  concerned,  the 
story  of  rockets  up  to  the  beginning  of  the  20th  century*  was  largely 
prologue. 

Nevertheless,  well  before  the  1900s  numerous  authors  showed  a keen 
appreciation  of  w hat  satellites  might  mean  if  only  a way  could  be  found  to 
launch  them.  Their  fictional  accounts  of  space  travel  are  often  cited  as 
early  harbingers  of  the  modem  space  age,2  and  in  the  ligh*  of  recent 
achievements  the  long  history  of  rockets  makes  exciting  reading.  Especially 
those  engaged  in  space  research  and  exploration  find  peculiar  fascination 
in  reading  ibout  Kepler's  imaginary  visit  to  the  moon,  described  in  the 
little  book  Sommum , swe  Astrononna  Lutiaris  published  in  1634,  several 
years  after  Kepler's  der*1  ' or  in  following  the  flights  of  fantasy  recounted 
in  Jules  Verne's  Dr  la  rerre  a la  Imhc  (1865)  and  Autour  dr  la  Lunc 
(1870).  Even  the  artificial  satellite  turned  up  in  The  Brick  Moon  by 
Edward  Everett  Hale,  serialized  in  the  Atlantic  Monthly  in  1869  and  1870. 
Launched  by  huge  rotating  water  w heels,  the  Brick  Moon,  a manned  satel- 
lite. was  intended  to  serve  as  a navigational  aid.  In  the  first  years  of  the 
space  program.  John  Nicolaides,  one  of  the  engineers  professionally  inter- 
ested in  geodesy  and  navigation,  took  great  delight  in  giving  his  colleagues 
copies  of  Hale's  little  story . 

These  and  numerous  other  w ritings  of  the  kind  legitimately  belong  to 
the  lor"'  of  the  space  age.  While  they  predate  the  emergence  of  the  serious 
work  on  large  rockets  that  made  the  space  program  and  space  science  pos- 
sible, they  nevertheless  have  a special  significance.  Such  imaginings  reflect 
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the  centuries- long  interest  of  mankind  in  the  heavens.  Some  men  climbed 
mountains  to  set  up  astronomical  observatories,  others  to  measure  how  air 
pressure  changes  with  height.  No  sooner  had  the  Montgolfier  brothers  in 
1783  demonstrated  the  feasibility  of  hot-air  balloons  than  aeronauts  began 
to  fly  in  them.  That  same  year  J.  A.  Cl  Charles  of  France  ascended  in  a 
hydrogen-filled  balloon.  This  first  grasp  on  the  age-old  dream  of  flight 
brought  forth  an  amazing  variety  of  ideas  and  experiments,  and  by  the  end 
of  the  19th  century  powered  balloon  flight  was  a reality,  the  sausage- 
shaped dirigible  being  the  most  successful  form.4  In  the  1920s  and  1930s 
high-altitude  ballooning  was  serious  business,  with  men  like  Gray.  Pic- 
card. Anderson,  and  Stevens  setting  one  altitude  record  after  another.  The 
record  of  22  kilometers  gained  by  the  last  two  in  the  helium-inflated  Ex 
plorer  IE  in  1935.  persisted  for  two  decades. 

Where  men  could  not  go  they  sent  their  instruments,  surrogates  for  the 
time  being  for  those  who  would  surely  follow  later.  As  long  ago  as  1749. 
three  years  before  Benjamin  Franklin  s famous  experiment  with  lightning. 
Alexander  Wilson  of  Scotland  sent  thermometers  aloft  on  kites  to  measure 
upper-air  temperatures.  By  the  late  19th  century  meteorologists  were  flying 
kites  and  balloons  earning  thermometers  and  pressure  gauges  to  investi- 
gate properties  of  the  atmosphere.  In  1898  the  French  meteorologist  Leon 
Philippe  Teisserenc  de  Sort  started  using  such  balloons  to  obtain  reliable 
temperature  measurements  up  to  a height  of  14  kilometers.  By  1904  he  had 
proved  the  existence  of  a stable,  isothermal  region  above  1 1 kilometers,  to 
which  he  gave  the  name  stratosphere .5 

During  the  20th  century  free-flying  balloons  became  a much  used 
means  of  making  remote  scientific  observations  in  the  high  atmosphere, 
lire  airplane,  of  course,  made  flying  at  great  heights  routine.  While  air- 
craft could  not  beat  the  balloons  in  altitude,  the  ability  of  the  airplane 
pilot  to  control  accurately  the  time  and  location  along  the  flight  path 
added  a new'  dimension  not  afforded  by  the  free  balloon. 

.As  soon  as  men  could  get  to  some  hitherto  inaccessible  spot,  they  went 
there  for  a variety  of  motivations — curiositv.  perhaps  to  make  scientific 
observations,  simply  to  overcome  a challenge,  to  lav  claim  to  a new  do- 
minion. or  in  pursuit  of  an  inherent  drive  that  it  was  psychologically 
impossible  to  deny.  The  record  indicated  that  wlien  men  could  leave  the 
earth  they  would  do  so.  The  early  dories  about  spate  travel  served  notice 
that  man  was  indeed  taking  aim  a*  the  stars. 

But.  while  the  writings  on  space  up  through  ihe  I9th  century  pointed 
a prophetic  finger  toward  the  future,  they  could  contribute  little  more. 
Mostly  fiction,  much  of  the  writing  was  remarkably  foresighted.  but  also 
much  was  incorrect.  Jules  Verne's  enormous  cannon  used  to  launch  his 
mooncraft  from  an  underground  pit  in  Florida  would  have  subjected  the 
passengers  to  bone-crushing  accelerations  and  the  spacecraft  to  searing  tem- 
peratures from  atmospheric  friction.  But  his  use  of  small  reaction  rockets 
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to  control  the  attitude  of  the  spacecraft  in  flight  was  quite  correct  in  con- 
cept. So,  too.  was  Achillc  Evraud  s concept  of  a reaction  motor  to  launch  a 
spacecraft  cm  his  I’tryagra  I ernes  (published  in  18*5).  but  Kyrattd  was  not 
aware  that  water,  which  he  used  as  the  propellant,  was  utterly  inadequate 
for  the  job.  Likewise,  Hale's  water  wheels  could  never  have  imparted  the 
necessary  impulse*  to  launc  h the  Bric  k Moon  into  orbit. 

The  writers  erf  the  19th  century  showed  awareness  erf  the  science  of 
their  day.  but  not  enough  was  known  about  the  basic  frfnsics  erf  rockets  for 
them  to  understand  clearly  what  was  required  to  launch  spacecraft.  Not 
until  a genuine  understanding  erf  the  principles  erf  reaction  motors  w*as 
attained  amid  the  large  rocket  needed  fen  spaceflight  be  created.  This 
umtcrstaiHiing  had  to  await  the  20th  century,  those  wlto  wrote  before  that 
time  were  accordingly  cast  in  the  role  of  prophets.  After  them  came  the 
pitmens. 

Not  that  prophecy  ceased.  Far  from  it.  Imaginative  waiting  continued 
unabated,  even  accelerated,  as  later  authors  found  themselves  able  to  draw 
upon  an  expanding  knowledge  of  rockets  ami  principles  of  spaceflight  to 
give  their  narrative's  plausibility  and  persuasiveness.  Movies,  comic  strips, 
tadio  programs— and  later  television — puked  up  the  theme.  Perhaps  the 
culmination  of  these*  jrrophetie  writings  was  to  br  fouml  in  Anhui  C, 
Clarke's  delightful  Thr  t.xf*loranon  of  Sfnur — honored  as  a BvMikoi*lhe 
Month  Club  *ri<  * sion— in  which  the  attthot  was  able,  in  layman's  terms 
vet  without  sacrilutng  technical  validity.  to  lay  brfon*  tin*  n,ider  a veritable 
blueprint  erf  the  space  program  to  come.* 

Much  of  what  Cluike  wrote  tn  1931  drew  ti|xm  the  pioneering  work  of 
the  previous  30  years  when  the  large*  rocket  had  been  hunight  into  being.7 
During  tlv.it  pe*ruxf  m;i(!umttiti«itb  aiul  physicists  develofied  a sound  theory 
of  roc  ket  propulsion.  tn  'he  Tinted  States.  («envianv.  and  Russia  both 
amateurs  and  prtrffsdcmals  e'\pe*riuient<d  with  the*  design,  eonsiiuction. 
and  launching  of  both  liquid-  and  solid-|rro|irllatit  rockets.  lire  impor- 
tance of  then  pionerung  work  went  largely  unrcctrgtii/ed;  lire  getrcial 
public  was  mostly  unaware  erf  what  the  rocketeers  were  up  to  except  when 
spex  tacuktt  te'sts  erf  the  new  faugled  devices,  w hic  h ofte  n ended  in  mishap>. 
c aught  the  attention  of  the  newsreels  and  news|ftapers.  But  for  the  seriously 
interested  there  was  a growing  literature  to  sci/c  it|xm  and  devour. 

Three  persons  were  {xirtieularly  significant  in  the  ttansitiem  from  the 
small  rockets  erf  the  19th  century  to  the  colossi  of  the  space  age*:  Konstantin 
K.  Fsiolkovskv  in  Russia.  Robert  II.  Coddard  in  the  Tinted  State's,  and 
Hermann  C)be*rth  in  Germain.  It  is  generally  agreed  that  priority  goes  to 
Fsiolkovskv  (1837-1935).  who  ap|rarentlv  in  his  tevtis  became  interesttd  in 
the  possibility  of  s|tucvflight.  He  wrote  erf  s|racrflight  in  science  fic  tion,  but 
went  blither.  Self-taught  in  mathematics,  astronomy,  ami  physic's,  he  pro- 
ceeded to  develop  the  baste  theory  of  rcxket  propulsion,  and  i i 1898  sub- 
mitted his  now  famous  article,  " lire  Investigation  of  Otttet  Space  by  Means 
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of  Reaction  Apparatus/’  to  the  editors  of  Science  Sundry,  The  article,  how- 
ever. was  not  published  until  1903.  Few  the  next  30  years  Tsiolkovsky 
continued  to  w'rite  both  technical  papers  and  science  fiction,  much  of  what 
he  had  to  say  being  devoted  to  a favorite  theme  of  flignt  into  deep  space, 
about  which  he  wrote  in  1911: 

To  place  one’s  feet  on  the  soil  of  asteroids,  to  lift  a stone  from  the  moon  with 
your  hand,  'o  construct  moving  stations  in  ether  spate,  to  otgain/e  inhabited 
rings  around  f aith,  moon  and  sun.  to  observe  Mars  at  the  distance  of  several 
tens  of  (V'itcv  to  descend  to  its  satellites  or  even  to  its  own  surface — what 
could  be  jiKHr  insane!  However,  only  at  such  a time  when  reactive  devices 
an-  applied,  w i\\  a great  new  era  begin  in  astronomy:  the  era  of  more  in- 
tensive  stud*  of  the  heavens.* 

In  192b  Tsiolkovskv  suggested  the  use  of  artificial  earth  satellites,  includ- 
ing manned  platforms,  as  way  stations  for  interplanetary  flight,  and  in 
1929  lie  put  forth  an  idea  for  a multistage  rocket  which  he  described  as  a 
rocket  triin.* 

Like  the  apiwaiance  of  his  first  article  on  rocket  principles,  Tsiol- 
kovskv s influence  in  Russia  was  delayed.  As  G.  A.  Tokaty.  aerodynamic ist 
and  chief  rocket  scientiM  of  the  Soviet  Government  in  Ciertnany  (1946- 
1947).  commented: 

Konstantin  Ed:*ardo\ich  Tsiolkovskv  (1837-1933).  the  man  of  “great  efforts 
and  httle  rewards/’  is  . . considered  to  he  the  “father”  of  present  Soviet 
r,<  hievements  in  rocket  technology.  He  gave  Russia  a spaceship  project 
whic  h was.  fin  1903,  absolutely  unique.  But  being  what  he  was — a mere 
traehei  in  a remote  jmmmvil  school,  a technologist  rather  than  a theoretician — 
his  project  did  not  attract  the  attention  it  deserved.10 

Apparently  it  took  the  publication  in  (k'rniam.  in  1923.  of  Dtr  Kakrtr  tu 
<irn  Platirtem'aumrn^  hv  the1  tiunguiian-hoin  Hermann  Olierth  to  goad  the 
Russians  into  actum.  Following  the  ap|xataiue  of  Obertt/s  work,  in  which 
the  author  elaborated  in  great  detail  the  application  of  rocket  propulsion 
to  spaceflight,  Tsiolkovsky  s earlier  works  were  sought  out  and  avidly  stu- 
died. Interest  in  rcxket  propulsion  increased  noticeably  in  the  Soviet 
liuon.  which  tcxik  special  pains  to  assert  Russian  claims  to  priority  hv 
issuing  in  1924  German  translations  of  Tsiolkovskv  s writings.  That  same 
yeai  Ftirdrikh  V.  Tstmln.  TMolkovskv.  and  Felix  F.  D/hei/hinskv  startl'd 
tlte  Society  for  Studying  Inter  planetars  Communications.  a major  aspect  of 
which  concerned  interplanetary  travel. 

After  a |H*ricxl  of  grouping  and  regrouping,  Soviet  workers  in  the  early 
1930s  settled  down  to  serious  experimenting  with  large*  rockets,  with  which 
tiro  now  familial  name's  of  F.  A.  Tsander  , Yu.  V.  Kondratyuk,  and  M.  k.  Ttk- 
hoi.ravov  were  assexiated.  As  early  as  *928  Kondratyuk  had  put  forth  the 
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idea  o(  using  aerodynamic  forces  in  slow  down  a rocket  returning  from  a 
trip  in  space.  Tsander  designed  and  built  a rocket  motor  using  kerosene 
and  liquid  oxygen  as  propellants,  which  he  successfully  tested  in  19S2.  In 
August  of  the  following  year  the  first  successful  flight  of  a Soviet  liquid- 
propellant  rocket  took  place.  It  was  during  this  period  that  S.  P.  Korolev, 
who  was  to  become  the  giant  of  Soviet  modern  rocketry  in  the  1940s  and 
1950s,  began  his  work  on  rockets.  His  book  Rcxket  Flight  in  the  Sfrafo- 
sphere  was  published  in  1934  by  the  USSR  Ministry  of  Defense.  But  not 
long  thereafter  a curtain  fell  over  Russian  rocket  activities,  not  to  rise  again 
until  the  launching  of  Sputnik  l revealed  how  much  the  Soviet  Union  had 
accomplished  in  the  intervening  20  years.12 

Of  special  interest  to  space  scientists,  during  1935  a Soviet  liquid- 
propellant  meteorological  rocket  designed  by  Tikhonravov  was  flown. 
Apparently,  however,  as  in  the  United  Stales,  rocket  research  in  the  very 
high  atmosphere  had  to  await  the  availability  of  the  more  capable  rockets 
that  appeared  in  World  War  II.  According  to  Tokatv.  the  exploration  of 
the  upper  atmosphere  with  rockets  of  the  V-2  class  began  in  the  autumn  of 
1947.  and  from  1949  on  was  continued  with  Pobeda  rockets,  described  as 
greatly  improved  versions  of  the  Y-2.15 

Second  in  priority  among  the  rocket  pioneers  was  the  American  physi- 
cist Robert  H.  Goddard  (1882-1945).  whose'  esteem  in  the  United  States 
today  matches  that  of  Tsiolkovsky  in  Russia.  Goddard  himself  points  to  19 
October  1899  as  tire  date  when  he.  still  in  high  school,  determined  to 
devote  his  caieer  to  the  attainment  of  space  exploration.14  Like  Tsiolkovsky 
and  Oberth.  Goddard  clearly  perceived  the  importance  of  rockets  for  high- 
altitude  flight  and  astronautics.  Almost  immediately  he  began  writing  on 
the  subject.  Many  of  his  pajx'rs  were  devoted  to  rocket  theory,  which  he 
correctly  expounded.  Perhaps  his  most  famous  was  the  paper  “A  Method 
of  Reaching  Extreme  Altitudes/’  the  title  reflecting  his  enduring  interest  in 
high-altitude  and  sjKtce  research.  The  paper  was  originailv  written  in  the 
summer  of  1914  and  revised  in  late  1916  in  the  light  of  experimental 
results.  With  a few  editorial  changes  and  the  addition  of  some  notes. 
Goddard  submitted  the  pajxr  in  1919  to  the  Smithsonian  Institution,  and 
it  was  published  in  the  Smithsonian  Miscellaneous  Collections  of  De- 
cemliet  1919/" 

Robert  Gcxldard  was  set  off  from  his  contemporaries.  Tsiolkovsky  and 
Oberth.  it'  that  he  by  no  means  stuck  to  theory  and  writing  as  did  the  other 
two.  From  the  start  Gixidard  was  busy  with  his  hands,  conducting  exfxri- 
ments  to  check  theorv  and  devising  hardware  to  put  the  theory  into 
practice.  The  very  .ear.  1914.  in  which  he  composed  the  first  draft  of  the 
Smithsonian  paper,  he  was  awarded  patents  for  a rocket  using  solid  and 
liquid  pro}x41ants.  and  for  a multistage  or  step  rocket.  Gixidard  built  and 
flew  the  first  successful  liquid-propellant  rocket.  Of  primitive  design  and 
construction,  the  rocket  flew  56  meters  in  2‘?  seconds  at  Auburn,  Massa- 
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chusetts,  chi  16  March  1926. l*  In  the  course  of  his  career  he  accumulated 
many  ideas  that  came  to  be  familiar  features  of  successful  large  rockets — 
such  as  liquid-propellant  motors,  self-cooled  motors,  the  use  of  gy  roscopes 
for  guidance  and  control,  reflector  vanes  in  the  rocket  jet  for  stabilizing 
and  steering  the  rocket,  fuel  pumps,  and  parachutes  for  recovering  a spent 
rocket.  So  prolific  was  his  output  that  those  who  followed  could  hardly 
take  a step  w ithout  in  some  way  infringing  on  one  or  more  of  his  patents, 
a fact  recognized  by  the  United  States  government  when  in  1960  the 
military  services  and  the  National  Aeronautics  and  Space  Administration 
awarded  $1 000000  lo  the  Goddard  estate. 

One  might  accordingly  suppose  that  Goddard s influence  on  the  space 
program  and  space  science  would  be  great,  even  to  the  extent  of  eclipsing 
that  of  other  contributors.  Unfortunately  ituU  does  not  appear  to  have  been 
true.  A suspicious  nature — first  aroused  by  adverse  publicity  connected 
with  his  Smithsonian  paper  and  later  reinforced  by  the  com  iction  that  his 
work  was  being  plagiarized — led  Goddard  to  work  in  isolation  and  for  the 
most  part  to  avoid  open  publication  erf  his  ideas  and  accomplishments. 
This  secretiveness  stood  in  the  way  of  his  contributing  the  leadership  that 
he  could  so  easily  have  given  to  the  field  and  to  the  enthusiasts  of  the 
young  American  Rocket  Society,  which  was  founded  in  1930  as  the  Ameri- 
can Interplanetary  Society.  Years  later  G.  Edward  Pcndray.  one  of  the  found- 
ers of  the  society,  wrote  plaintively:  "When  Goddard  in  his  desert  fastness 
in  New  Mexico  proved  uncommunicative,  those  of  us  w ho  wanted  to  do 
our  part  in  launching  the  space  age  turned  to  what  appeared  the  next  best 
source  of  light:  the  I'rrrtti  fur  Raumsihiffahrt — the  German  Interplane- 
tary Society — in  Berlin."17 

The  amateurs  were  not  alone  in  their  failure  to  join  hands  with  the 
great  pioneer.  Members  of  the  California  Institute  of  Technology  Rocket 
Research  Project,  established  in  1936  by  Theodore  von  Kantian,  director  of 
the  institute’s  Guggenheim  Aeronautical  laboratory,  tried  to  persuade 
Goddard  to  join  fours  with  them.  When  it  was  stipulated  that  a part- 
nership would  require  mutual  disclosure  of  ideas  and  projects.  Goddard 
shied  away.  His  reluctance  to  work  openly  with  others  deprived  Goddard 
not  only  of  the  opportunity  to  provide  leadership  in  the  field  but  also  cut 
him  off  from  the  kind  of  professional  assistance  that  he  might  have 
received  from  experienced  engineers  who  could  have  helped  put  his  many 
ideas  into  practice.  In  turning  away  from  the  Rocket  Research  Project. 
Goddard  was  also  turning  down  the  kind  of  funding  support  from  the 
military  that  could  have  capped  his  long  years  of  work  with  their  hoped- 
for  fruition.  Working  alone  w ith  extremely  limited  funds.  Goddard  could 
not  match  the  progress  being  made  in  German  rocketry.  which  was  sup- 
ported amply  bv  the  military  during  those  years. 

Goddard  furnishes  a tragic  illustration  of  the  importance  of  open  pub- 
lication and  fret'  exc  hange  of  ideas  to  the  scientific  process.  Unpublished. 
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the  import  of  Goddard's  ideas  went  unrecognized  for  the  most  part,  and  by 
the  time  they  were  widely  known  much  of  what  he  had  done  had  been 
redone,  as  with  the  V-2.  The  opportunity  to  be  the  le.tder  of  the  field 
during  the  course  of  his  development  work  soon  passed  Still,  he  was  a 
man  of  genius  and  originality  and  the  many  honors  later  accorded  him 
were  well  deserved,  NASA's  Goddard  Spine  Flight  Center  in  Green  belt. 
Man  land,  appropriately  bears  his  name.  Medals  are  awarded  and  symposia 
held  in  his  honor.  In  1958  the  National  Rocket  Club  began  sponsoring  the 
Robert  H.  Goddard  Annual  Memorial  Dinner  in  Washington,  faithfully 
attended  by  engineers,  scientists,  administrators,  legislators,  military  men, 
industrialists— the  Who  s Who  of  rocket  and  space  research — to  pay  tribute 
to  Goddard’s  pioneering  role.  Space  scientists  also  recognize  in  Goddard 
the  first  to  work  seriously  on  the  problem  of  developing  an  effective  means 
of  sending  scientific  instruments  beyond  balloon  altitudes  into  the  upper 
atmosphere  and  outer  space. 

But  Goddard  never  did  personally  ac  hieve  his  dream  of  using  roc  kets 
for  upper-atmosphere  research.  While  he  continued  to  work  in  obscurity. 
s| tending  his  final  years  during  World  War  II  working  in  secrecy  for  the 
l\S.  Navy,  the  (iaMVth  Rcxket  Research  Piojcvt — irorgatii/cd  in  1941  as 
the  Jet  Propulsion  l^iboi ator\ — went  on  to  become  the  first  group  in  the 
Tnited  Stall's  to  build  and  launch  a rocket  sjtec  ificallv  designed  for  upper- 
air  research.  Named  the  WAC-Cnrporal.  the  JPI.  nxket  on  2b  September 
191  lose  to  a height  of  about  70  kilometers,  a l\S.  record  at  the  time.  It  is 
the  JPI.  research,  rather  than  Goddard's,  from  which  a line  can  be  trad'd 
direct h to  the  s|xue  program  Wt  iters  assexiated  with  Cal  l ec  h and  the  von 
kannaii  group  communicated  the  latest  in  nx  keu  v to  the  public  through 
scientific  papers.1*  Although  restricted  in  its  circulation  at  the  time,  be- 
cause of  its  healing  #m  military  applications,  a handlxx>k  of  jet  propulsion 
put  out  by  JPI.  ne\ ri  tireless  reached  large  nunihets  of  persons  in  icxkrt 
rest  an  1»  ami  development.1*  More  significantly  for  space  science,  the  WAG* 
G>r}HHal  was  the  progenitor  of  a target.  improved  sounding  nxket.  called 
Aerohee — in  lain  versions  callable  of  earning  a substantial  instrument 
load  abme  200  kilomeleis — which  became  one  of  the  mainstays  of  the 
American  high-altitude  research  program." 

Neither  Goddard  s work  not  the  JPI.  nxkets  pro\ ided  the  initial  im- 
|x*tus  to  the  space  sc  ience  program  in  America,  Circumstances  made  nx  ket 
sounding  in  the  Tinted  States  the  Ixncfician  of  the  two  decades  of  vigor- 
ous nx  ket  development  work  by  German  expel  imenteis  that  ensued  fob 
lowing  the  publication  of  Oherth’s  Ro<  kn  info  Planetar?  Sf>a<r.  Nourished 
In  German  militaiv  support,  the  German  e\|x*riir.cntris  redisc overed  and 
lemvented  lot  themselves  much  of  what  Goddard  was  learning  in  the 
Tinted  State's.  Going  well  bevond  what  Gcxldard  could  accomplish  in  his 
self-itn|xised  isolation.  Wallet  Dombeigri.  Wernher  von  Braun,  and  their 
colleague's  pnxhued  the  Y-2 — Yeigrliiingswaffe-Zwet  oi  ' Vengeance  Weapon 
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Two” — the  first  large  rocket  to  see  substantial  service.2’  At  the  close  of 
World  War  II.  I’.S.  Army  forces  captured  large  numbers  of  these  monsters 
at  underground  factories  in  the  Harz  Mountains  in  central  (Germany.  Along 
with  van  Braun  and  key  members  of  his  team — who  took  the  initiative  to 
ensure  that  they  became  prisoners  of  American,  not  Russian,  (ones-- — the 
Army  took  the  captured  Y-2s  to  the  I’nited  States.  There  the  missiles  were 
assembled,  tested,  and  launched  at  the  White  Santis  Proving  (<round  in 
New  Mexico  to  prot  ide  experience  in  the  handling  and  operation  of  large 
rockets. 

Rather  than  fire  the  missiles  empty,  the  Army  offered  to  allow  inter- 
ested groups  to  instrument  them  for  high-altitude  scientific  research.  A 
number  of  military  and  university  groups  accepted,  forming  the  Y-2  I’pper 
Atmosphere  Research  Panel,  which  became  the  aegis  for  the  country’s  first 
sounding  rocket  program. 
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The  Rocket  and  Satellite  Research  Panel: 
The  First  Space  Scientists 


As  World  War  II  came  to  a close,  a group  of  engineers  and  scientists  in 
the  Communications  Security  Section  of  the  Naval  Research  Laboratory  in 
Washington  began  to  cast  about  for  new  research  problems  to  which  to 
apply  their  talents.  Long  hours  were  spent  on  the  subject,  and  the  list  of 
possibilities  grew  to  sizable  proportions.  Milton  Rosen,  a competent,  versa- 
tile, imaginative  electronics  engineer,  suggested  that  the  group  might  apply 
its  wartime  experience  with  missiles  and  communications,  including  tele- 
vision, to  a study  of  the  upper  atmosphere.  The  suggestion  became  the 
eighth  to  go  on  the  blackboard  in  the  office  of  Ernst  Krause,  head  of  the 
section.  Thereafter  it  was  referred  to  as  Project  8. 

When  the  debate  finally  wound  down.  Project  8 was  the  clear  winner. 
To  the  many  ph\ sicists  in  the  group  the  project  offered  an  attractive  and 
important  field  ot  research.  The  engineers  could  feel  the  challenge  of  instru- 
menting and  launching  the  rockets  that  would  be  needed  by  the  scientists. 
And  because  of  the  importance  of  know  ledge  of  atmospheric  properties  to 
communications  and  the  design  and  operation  of  missiles,  it  was  possible 
that  the  Navy  might  support  the  project. 

The  director  of  the  laboratory  approved  the  upper-air  research  pro- 
posal in  December  of  1945,  and  the  section  became  the  Rocket  Sonde  Re- 
search Section,  a name  that  appropriately  enough  also  came  from  the 
originator  of  the  Projec  t 8 idea.  No  one  in  the  section  was  experienced  in 
upper  atmospheric  research,  so  the  section  immediately  entered  a period  of 
intensive  self-education.  Members  lectured  each  other  on  aerodynamics, 
rocket  propulsion,  telemetering — whatever  appeared  to  be  important  for 
the  new  tasks  ahead.  The  author  gave  a number  of  talks  on  satellites  and 
satellite  orbits.  Indeed,  the  possibility  of  going  immediately  to  artificial 
satellites  of  the  earth  as  research  platforms  was  considered  by  the  group, 
which  assimilated  carefully  w hatever  information  it  could  obtain  from  mili- 
tary studies  of  the  time.  The  conclusion  was  that  one  could  indeed  begin 
an  artificial  satellite  program  and  expect  to  succeed,  but  that  the  amount  of 
newT  development  mjuired  would  be  costly  and  time  consuming.  The 
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mts  coufe  not  hope  to  have  their  instruments  aloft  for  some  years  to 
come  and,  anyway,  were  not  likely  to  get  their  hands  on  the  necessary 
funds.  The  Rocket  Sonde  Research  Section  accordingly  shelved  the  satellite 
idea  and  turned  to  sounding  rockets. 

As  they  were  considering  what  rockets — including  the  Jet  Propulsion 
Laboratory s \V AC-Corporal — might  be  available  for  the  research  they  con- 
templated, word  came  that  the  U.S.  Army  would  be  willing  for  interested 
scientists  to  conduct  experiments  in  some  of  the  V-2s  it  was  planning  to 
fire  at  the  White  Sands  range  in  New  Mexico.  Because  of  the  narrow 
confines  of  the  range,  the  missiles  would  have  to  be  fired  along  nearly 
vertical  trajectories  and  would  accordingly  make  ideal  probes  of  the  upper 
atmosphere.  To  explore  the  possibilities  Krause  invited  a number  of  inter- 
ested persons  to  meet  at  the  Naval  Research  Laboratory.  At  the  meeting,  on 
16  January  1946,  physicists  and  astronomers  interested  in  cosmic  ray,  solar, 
and  atmospheric  research  were  present.  Because  of  the  potential  impor- 
tance of  upper-air  data  to  military  applications,  the  services  were  well 
represented.  It  was  plain  from  the  deliberations  that  a number  of  groups 
both  in  universities  and  in  the  military  would  be  interested  in  taking  part 
in  a program  of  high-altitude  rocket  research. 


The  V-2  Panel 

Accordingly,  at  an  organizing  meeting  at  Princeton  University  27  Feb- 
ruary 1946,  a panel  was  formed  of  members  to  be  actually  engaged  in  or  in 
some  way  directly  concerned  with  high-altitude  rocket  research.1  The  origi- 
nal members  (set'  also  app.  A)  were: 

E.  H.  Krause  (chairman).  Naval  Research  Laboratory 

G.  K.  Megerian  (secretary),  General  Electric  Co. 

W.  G.  Dow  . University  of  Michigan 

M.  J.  E.  Golay,  U.S.  Army  Signal  Corps 

C.  F.  Green,  General  Electric  Co. 

K.  H.  Kingdon,  General  Electric  Co. 

M.  H.  Nichols,  Princeton  University 

J.  A.  Van  Allen.  Applied  Physics  Laboratory,  Johns  Hopkins  University 

F,  L.  Whipple,  Harvard  University 

Because  of  his  role  in  getting  things  started  and  because  he  would  be 
devoting  full  time  to  upper-air  research  with  rockets,  Krause  was  elected 
chairman. 

To  Krause  must  go  the  principal  credit  for  getting  the  program  under 
way.  He  was  a physicist,  with  a doctorate  from  the  University  of  Wisconsin 
in  spectroscopy,  and  a background  in  communications  research.  Both  quali- 
fications were  pertinent  to  the  development  of  techniques  for  the  investi- 
gation of  the  sun  and  upper  atmosphere.  Krause's  energy  and  drive  were 
phenomenal,  and  his  capacity  for  detail  and  thoroughness  were  ideally 
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suited  to  welding  all  the  elements  needed  to  get  a sounding  rocket  program 
off  the  ground.  When  Krause  left  in  December  1947  to  participate  in  nuclear 
bomb  tests*  James  A.  Van  Allen  was  elected  to  the  chair,  a spot  he  occupied 
for  the  next  decade,2 

Van  Allen  is  by  far  the  best  known  of  the  original  members  of  the  V-2 
panel.  A physicist,  at  the  time  the  panel  was  formed  he  was  employed  by 
the  Applied  Physics  Laboratory  of  the  Johns  Hopkins  University  on  the 
Bumblebee  Project,  a Navy  missile  research  and  development  project.  He 
brought  to  the  panel  an  intense  interest  in  cosmic  ray  physics,  an  interest 
that  led  in  time  to  his  discovery  of  the  earth’s  radiation  belts  that  now  bear 
his  name. 

The  panel  had  no  formal  charter,  no  specified  terms  of  reference  from 
an  authorizing  parent  organization,  a circumstance  that  left  the  panel  free 
in  the  years  ahead  to  pursue  its  destiny  in  keeping  with  its  own  judgment. 
The  immediate  task  was  to  provide  Col.  James  G.  Bain  of  the  Army  Ord- 
nance Department  with  advice  he  had  requested  on  the  allocation  of  V-2s 
to  the  various  research  groups.  This  the  panel  proceeded  at  once  to  do,  and 
in  fact  until  the  end  of  the  V-2  program  in  1952  continued  to  direct  its 
reports  to  Army  Ordnance  as  principal  addressee.  Thereafter  the  reports 
were  issued  simply  to  the  members  and  to  observers  who  attended  the  meet- 
ings, with  copies  to  a selected  list  of  interested  persons  and  agencies  (see 
app.  B). 

The  panel’s  program,  if  it  may  be  called  that,  consisted  of  the  col- 
lection of  activities  engaged  in  by  its  members.  As  a forum  for  discussion 
of  past  results  and  future  plans,  the  panel  was  a breeding  ground  for  ideas; 
but  w hatever  control  it  might  bring  to  bear  on  the  program  was  exerted 
purely  through  the  scientific  process  of  open  discussion  and  mutual 
criticism. 

For  some  time  after  its  first  session,  the  panel  met  monthly  (see  app. 
C).  There  was  a great  deal  to  do,  c*  ickly;  for  Army  Ordnance  and  its 
contractor,  General  Electric  Company,  intended  to  fire  the  rockets  on  a 
rather  rapid  schedule.  Since  the  German  warheads  were  not  suitable  for 
carrying  scientific  payloads,  the  Naval  Research  Laboratory  undertook  to 
provide  the  different  groups  with  standard  nose  sections  specifically  de- 
signed for  housing  the  research  instrumentation.  To  send  information  to 
the  ground  from  the  flving  rocket,  NRL  also  furnished  telemetering  equip- 
ment to  go  into  the  rocket  and  erected  ground  stations  at  the  White  Sands 
range  for  receiving  and  recording  the  data-bearing  signals.  In  short  order 
the  word  telemetering , meaning  the  making  of  remote  measurements  by 
radio  techniques,  became  a familial  part  of  the  growing  jargon  of  rocket 
sounding.  To  make  the  most  of  the  large  capacity  of  the  V-2,  NRL  de- 
signed and  built  a large,  complex  telemeter.  The  first  version  supplied  to 
the  program  could  provide  23  channels  of  information;  a later  version  pro- 
vided 30.  With  characteristic  preference  for  smaller,  simpler  insirumenta- 
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tion,  the  Applied  Physics  Laboratory  developed  and  used  a much  smaller, 
6-channel,  frequency-modulated  telemeter.3 

Radar  beacons  were  installed  in  the  missile  to  track  it,  providing  infor- 
mation on  where  measurements  had  been  made.  The  range  also  required 
that  each  rocket  be  outfitted  with  a special  radio  receiver  that  could  cut  off 
the  motor  should  the  missile  begin  to  misbehave  after  launch.  Arrange- 
ments had  to  be  made  for  building  and  supplying  this  equipment.  Also,  to 
supplement  the  tracking  information  provided  by  radar  and  radio,  theodo- 
lites, precise  cameras,  and  other  optical  instruments  were  installed  at  stra- 
tegic locations  along  the  firing  range  to  furnish  both  visual  am*  photo- 
graphic trajectory  data.  It  also  would  be  essential  to  know  the  orientation 
of  the  rocket  in  order  to  interpret  properly  such  measurements  as  aero- 
dynamic pressures  or  cosmic  ray  fluxes.  For  this,  still  more  instruments — 
including  photocells  to  observe  the  direction  of  the  sun.  cameras,  and 
magnetometers— were  brought  to  bear.4 

Although  much,  perhaps  most,  of  the  scientific  data  would  be  ob- 
tained by  telemetering,  some  measurements  would  require  the  recovery  of 
equipment  and  records  from  the  rocket  after  the  flight  was  over,  such  as 
earth  and  cloud  pictures,  photographs  of  the  sun’s  spectrum,  and  bio- 
logical specimens  exposed  to  the  flight  environment.  For  this  purpose 
several  techniques  were  developed,  including  the  use  of  explosives  to 
destroy  the  streamlining  of  the  rocket,  causing  it  to  maple  leaf  to  the 
ground;  the  deployment  of  parachutes  to  recover  part  or  all  of  the  spent 
rocket;  and  even  the  application  of  the  kind  of  sound  ranging  techniques 
used  in  World  War  I to  locate  large  guns.3 

At  first,  operations  at  White  Sands  were  an  amorphous  collection  of 
activities.  During  the  first  year  of  rocket  sounding  the  procedures  and 
issues  that  would  have  to  Ik*  dealt  with  in  even  greater  detail  years  later  in 
the  space  program  emerged;  safety  considerations,  provision  for  termi- 
nating propulsion  of  the  missile  in  mid-flight,  tracking,  telemetering, 
timing  signals,  range  communications,  radio-frequency  interference  prob- 
lems, weather  reports,  recovery  of  instruments  and  records,  and  all  that 
went  into  assembling,  instrumenting,  testing,  fueling,  and  launching  the 
rocket.  To  cope  with  the  seemingly  endless  detail,  the  range  required  for- 
mal written  operational  plans  in  advance  that  could  be  disseminata!  to  the 
various  groups.  A more  or  less  standard  routine  evolved  with  which  the 
participants  became  familiar.6  In  only  a few  years  experimenters  were  hark- 
ing back  to  the  “good  old  days”  when  operations  were  free  and  easy  and 
red  tape  had  not  yet  tied  everything  into  neat  little,  inviolable  packages. 

While  the  General  Flee  trie  Company  personnel.  Army  workers,  and 
others  labored  to  produce  successful  rocket  firings,  the  scientists  labored 
equally  hard  to  devise  and  produce  the  instrumentation  that  would  yield 
the  desired  scientific  measurements.  At  first  some  of  the  instrumentation 
was  tentative,  even  crude,  as  when  Ralph  Havens  of  NRL  took  an  auto- 
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mobile  headlight  bulb,  knocked  off  the  tip,  and  used  it  as  aPirani  pressure 
gauge  to  measure  atmospheric  pressure  in  the  V-2  fired  on  28  June  1946. 
But  even  before  the  end  of  1940  spectrographs  were  recording  the  sun’s 
spectrum  in  previously  unobserved  ultraviolet  wavelengths,  special  radio 
transmitters  were  measuring  the  electrification  of  the  ionosphere,  and  a 
variety  of  cosmic ‘ray-counter  telescopes  were  analyzing  radiation  at  the  edge 
of  space.  A portion  of  each  panel  meeting  was  devoted  to  reporting  on 
experimental  results,  which  accumulated  steadily  from  the  very'  first  flight 
of  16  April  1946.  Papers  began  to  appear  in  the  literature  and  attracted 
considerable  attention  as  experimenters  reported  on  measurements  that 
hitherto  were  impossible  to  make.7  By  the  time  the  last  V-2  was  fired  in  the 
fall  of  1952,  a rich  harvest  of  information  on  atmospheric  temperatures, 
pressures,  densities,  composition,  ionization,  and  winds,  atmospheric  and 
solar  radiations,  the  earth’s  magnetic  field  at  high  altitudes,  and  cosmic 
rays  had  been  reaped.* 


The  Need  to  Replace  the  V-2 

But  not  all  of  the  results  had  been  obtained  from  the  V-2.  To  be  sure, 
the  immediate  availability  of  the  V-2  as  a sounding  rocket  was  a boon  to 
the  program,  for  it  meant  that  the  scientists  could  start  experimenting 
without  delay.  Its  altitude  performance  of  160  kilometers  with  a metric  ten 
of  payload  far  exceeded  that  of  any  other  rocket  that  the  experimenters 
might  have  been  able  to  use,  making  investigations  well  into  the  iono- 
sphere possible  from  the  outset.  More  significantly,  the  large  weight- 
carrying rapacity  of  the  rocket  meant  that  experimenters  did  not  have  to 
miniaturize  and  trim  their  equipment  to  shoehorn  them  into  a very  re- 
stricted payload,  but  could  use  relatively  gross  designs  ant'  construction. 
This  capacity  was  a great  help  at  live  start,  when  everyone  was  learning,  for 
it  permitted  the  researcher  to  concentrate  on  the  physic*  his  experiment 
without  being  distracted  by  added  engineering  requirements  imposed  by 
the  rocket  tool.  Later,  w ith  some  years  of  experience  behind  him,  the  experi- 
menter would  be  able  to  take  the  outfitting  of  much  smaller  rockets  in 
stride.  And  it  was  of  advantage  to  go  to  smaller  rockets  as  soon  as  possible. 

Smaller  rockets  would  be  much  cheajjer,  far  simpler  than  the  V-2  to 
assemble,  test,  and  launch.  Moreover,  with  the  smaller,  simpler  rockets  the 
logistics  of  conducting  roc  ket  soundings  at  places  other  than  White  Sands 
would  lx*  manageable.  With  such  thoughts  in  mind,  as  panel  members 
pressed  the*  ^xnloration  of  the  upper  atmosphere  with  the  V-2  they  also  set 
out  to  devel  -p  . variety  of  single  and  multistage  rcxkets  specifically  for 
atmospheric  dug.-  James  Van  Allen  and  his  colleagues  at  the  Applied 
Physics  Laboratory  undertook,  with  support  from  the  lT.S.  Navy’s  Bureau 
of  Ordnance,  to  develop  the  Aero  bee  sounding  rocket.10  At  the  same  time 
NRL  ux>k  on  the  job  of  developing  a large  rocket- -first  called  Nep«anc, 
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but  later  Viking  when  it  was  knitted  a Neptune  aircraft  already  existed — to 
replace  the  V-2s  when  they  were  gone.11  At  the  28  January  1948  meeting  of 
the  panel.  Van  Allen  reported  on  a series  of  test  firings  of  the  Aerobee — 
three  dummy  rounds  and  one  live  round.12  As  soon  as  it  was  ready  the 
Aerobee  was  put  to  work  exploring  the  upper  atmosphere  and  space,  with 
firings  not  only  from  the  original  Aerobee  launching  tower  at  White  Sands, 
but  also  from  a second  lower  that  the  Air  Force  erected  some  57  kilometers 
northeast  of  the  Army  blockhouse  at  the  White  Sands  Proving  Ground. 
The  Air  Force  tower  was  located  at  Holloman  Air  Force  Base  near  Alamo- 
gordo. Not  content  with  the  payload  and  altitude  capabilities  of  the  first 
Aerobees,  both  the  Air  Force  and  the  Navy  continued  the  development,  pro- 
ducing something  like  a dozen  different  versions,  one  of  which  could  carry 
23  kilogram*  of  payload  to  an  altitude  of  480  kilometers.13  In  its  various 
versions  Ac»obee  was  used  continuously  in  the  high~altitudc  rocket  re- 
search program  through  the  1950s  and  1960s  and  was  still  in  use  in  the 
mid-1970s. 

In  contrast,  the  Viking,  although  of  a marvelous  design — Milton  Rosen, 
who  directed  the  Viking  developm  nt  program,  used  to  point  out  tnat  in 
its  time  Viking  was  the  most  efficiently  designed  rockei  in  existence — 
found  ven  little  use.  The  dozen  rockets  bought  for  the  development  pro- 
gram were,  of  course,  instrumented  for  high-altitude  research.  But  Viking 
was  too  expensive.  The  groups  engaged  in  rocket  sounding  each  had  per- 
haps a feu  hundred  thousand  dollars  a year  to  expend  on  the  research,  and 
a single  Viking  would  have  eaten  up  the  whole  budget.  When  the  supply 
of  German  V-2s  began  to  run  low,  consideration  was  given  to  building 
new  ones;  but  estimates  placed  the  price  per  copy  at  around  half  a million 
dollars,  which  was  prohibitive.  It  had  been  hoped  that  Viking  would  be 
much  less  expensive,  but  before  the  end  of  the  development  these  rockets 
became  almost  as  expensive  as  new  V-2s.  So  Viking  found  no  takers  among 
the  atmospheric  sounding  groups  and  would  probably  have  been  shelved 
had  it  not  been  chosen  as  the  starting  point  for  the  Vanguard  IGY  satellite 
launching  vehicle.14 

The  contrast  between  Viking  and  Aerobee  typified  a situation  that  has 
recurred  in  the  space  science  program  One  group  of  scientists  would  favor 
developing  large  new  rockets,  spacecraft,  or  other  equipment  that  would 
greatly  extend  the  research  capability.  Another  group  would  prefer  to  keep 
things  as  small  and  simple  as  possible,  devoting  its  funds  to  scientific 
experiments  that  could  be  done  w ith  available  rockets  and  equipment.  The 
former  group  could  always  point  to  research  not  possible  with  existing 
tools,  thus  justifying  ihe  proposed  development.  In  rebuttal  the  latter 
could  always  point  to  an  ample  collection  of  important  problems  that  could 
be  attacked  with  existing  means.  There  was  right  on  both  sides  of  the 
argument,  and  it  was  usually  a standoff.  As  far  as  upper  atmospheric 
research  was  concerned,  however.  Viking  was  too  far  ahead  of  its  time. 
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While  in  the  next  decade  researchers  would  be  able  to  buy  fl-million 
Scouts  (chap.  10),  in  the  early  years  of  rocket  sounding  Viking  cost  too 
much. 

Once  the  ball  had  started  rolling  with  Aerobee  and  Viking,  other  rocket 
nations  began  to  appear.  The  experimenters  sought  less  cost,  greater 
simplicity,  higher  altitudes,  more  paytoad.  and  especially  a capability  to 
conduct  firings  at  different  geographic  locations.  Great  ingenuity  was  dis- 
played in  putting  together  new*  combinations.  Sounding  rcxkets  were  taken 
to  the  California  coast,  to  Florida,  to  the  Virginia  coast,  out  to  sea,  and  to 
the  shores  erf  Hudson's  Bay  in  Canada.15  They  were  even  launched  in  the 
stratosphere  from  balloons,  a combination  that  the  inventor.  Van  Allen, 
called  a Rockoon,1*  In  the  panel  meeting  of  9 September  1954.  Van  Allen 
reported  that  Rockoon  flights  in  the  Arctic  had  established  the  existence  of 
a serft  radiation  in  the  auroral  rone  above  50  kilometers  height,  which 
prosed  to  be  one  of  the  milestones  along  the  investigative  Hack  that  ulti- 
mately led  to  the  discovery  of  the  earth's  radiation  belt. 

Scope  or  Panel  Acrnvi  n 

One  of  the  most  notable  aspects  of  the  panel  record  is  the  steadily 
increasing  scope  of  activity.  In  the  minutes  of  the  organising  meeting,  the 
secretary  referred  to  the  group  simply  as  “the  panel."  Bv  ihe  third  meeting 
Megerian  was  calling  the  group  the  “V-2  I’pper  Atmosphere  Panel."  This 
name  continued  for  the  next  two  meetings:  but  the  ap|x4lation  “V-2  Vpper 
Atmosphere  Research  Panel"  appeared  at  the  sixth  meeting,  in  September 
1946.  and  stuck  for  the  next  year  and  a half.  These  first  titles  reflected  the 
panel's  participation  in  ihe  V-2  program,  but  the  group's  primary  business 
was  high -altitude  research,  not  V-2s.  The  fund,  well  aware  that  the  supply 
of  V-2s  would  be  exhausted  in  the  not  t<x*  distant  futuie.  gave  early 
attention  to  finding  alternative  sounding  nx  kets.  Prodded  by  the  Office  of 
the  Chief  of  Ordnance,  at  its  March  1948  meeting  the  panel  dropped  the 
V-2  from  its  title  and  began  calling  itself  the  “ I’pper  Atmosphere  Rocket 
Research  Panel"  (I'ARRP).  This  sufficed  to  describe  activities  until  mem- 
bers had  become  so  thoroughly  involved  in  the  International  Geophysical 
Year  scientific  satellite  program  that  another  name  change  seemed  ajr- 
propriate.  At  an  executive  session.  29  April  1957.  the  panel  adopted  its 
final  name*:  “Rcxket  and  Satellite  Research  Panel.’*17 

Throughout  most  of  its  ac  tive  life,  the  panel  remained  quite  small.  Bv 
restricting  its  rolls  to  working  members  only,  and  also  by  limiting  the 
number  of  representatives  from  anv  one  agency,  the  |xuiel  kept  its  si/e 
down — w hich  made  tor  more  manageable  meetings.  Yet  there  was  no  desire 
to  limit  interest  or  panic  ifxition  in  the  inertings.  A loyal  cadre  of  observers 
attended  the  sessions  throughout  the  years  and  joined  in  the  discussions. 
From  the  first,  the  National  Advisory  Committee  for  Aeronautics  was  repre- 
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sented  among  the  observers— an  interesting  fact  in  retrospect,  although  at 
the  time  there  was  no  reason  to  suspect  that  one  day  NACA  might  play  a 
central  role  in  a suddenly  emerging  space  program.  Increasing  interest 
in  high-altitude  rocket  research  over  the  years  is  also  shown  by'  the  steady 
growth  in  the  list  of  addressees  to  whom  panel  reports  were  sent.  The 
minute»  of  the  organizing  meeting  went  to  only  about  30  persons;  10  years 
later  some  118  copies  were  being  distributed  among  73  addressees.1*  The 
composition  of  the  distribution  lists  is  illuminating  (see  app.  B).  The 
military  was  obviously  interested.  So.  too.  were  other  government  agencies 
such  as  NACA  and  the  C.S.  Weather  Bureau.  The  large  number  of  uni- 
versity names  on  the  list  no  doubt  resulted  from  the  pure-science  nature  of 
much  of  the  panel's  research. 

For  more  than  a decade  the  panel  occupied  a unique  position  in  scien- 
tific research.  In  the  United  States  its  members  represented  all  the  insti- 
tutions engaged  in  sounding  rocket  research.  Attendees  at  meetings — 
member^  plus  observers — comprised  a substantial  number  erf  the  indi- 
viduals in  the  country  who  were  involved.  As  one  consequence  of  this 
unique  position,  the  panel  came  to  be  regarded  as  the  prime  source  erf 
expertise  in  the  field.  In  spite  of  the  lack  erf  any  trfficia!  charter,  the  panel 
sexm  acquired  a quasi-offie  ial  status.  The  National  Advisory  Committee 
for  Aeronautics  used  data  fre>m  the  (Ktnel  pre>gram  in  compiling  and 
updating  its  tables  of  a standard  atmosphere.1’  The  Defense  Department's 
Research  and  Development  Board  made  a practice  of  : timing  to  the  panel 
for  recommendations  regarding  sounding  rockets  and  high-altitude  rocket 
research.  The  board — tailed  the  Joint  Research  and  Development  Board 
before  the  establishment  of  the  Department  of  Defense  in  1947 — boasted  a 
sprawling,  complex  structure  intended  to  correspond  in  one  way  or  an- 
other to  the  military  research  and  development  programs.50  From  time  to 
time  its  Committee  on  Guided  Missiles  took  an  interest  in  the  rockets 
being  used  by  the  panel.  When,  in  the  spring  of  1949.  the  Navy's  Viking 
and  the  Air  Force’s  MX774  rockets  came  into  competition — it  was  not 
considered  reasonable  for  the  country  to  support  two  large,  expensive 
sounding-rockets — CARRP  was  informed  that  a panel  of  the  Committee 
on  Guided  Missiles  endorsed  Viking.  The  R&D  board’s  Committee  on 
Geophysical  Sciences,  and  its  subsidiary  group  for  study  of  the  upper 
atmosphere,  took  a continuing  interest  in  what  CARRP  was  up  to.  TTie 
subsidiary  group  endorsed  the  CARRP’s  rest-arch  program  and  in  Novem- 
ber 1947.  responding  to  a request  for  supt’orc,  unanimously  recognized 
"the  importance  of  all  phases  of  tlie  well-coordinated  V-2  rocket  firings 
program  and  the  grave  consequences  of  any  failure  to  give  adequate  finan- 
cial support  to  all  agencies  involved  in  this  program,  since  the  lack  of 
support  of  the  program  in  any  one  agency  would  jeopardize  the  program 
as  a whole.”21  At  its  April  1950  meeting,  one  finds  the  CARRP  responding 
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lo  a request  oC  the  RfcD  board  for  views  on  requirements  for  upper-air 
research  vehicles.” 

But,  while  the  endorsement  was  of  help,  association  with  the  military 
also  brought  problems.  At  its  7 May  1947  meeting,  the  UARRP  learned 
that  the  R&D  board's  upper-atmosphere  group  was  considering  assigning 
primary  responsibility  to  different  agencies  for  different  kinds  of  upper- 
atmosphere  research.  Although  nothing  ever  came  of  this,  the  thought  of 
dividing  the  research  into  assigned  parcels  conflicted  with  the  bask  re- 
search instincts  of  IMRRP  members. 

More  serious,  however,  was  the  question  of  security  classification  that 
arose  periodically.  In  defense  of  the  research  program,  panel  members  were 
accustomed  to  pointing  out  the  many  practical  benefits  to  be  gained  from 
data  and  knowledge  obtained.  Over  the  years  the  list  of  potential  benefits 
to  the  military  grew,  until  a report  issued  at  the  start  of  the  International 
Geophysical  Year  by  a number  of  the  panel  members  cited  a dozen  impor- 
tant applications: 

• Design  of  missiles,  high-altitude  craft,  and  space  vehicles. 

• Determination  of  the  reentry  behavior  of  long-range  ballistic  missiles. 

• Special  techniques  of  high-altitude  navigation. 

• Evaluation  of  hazards  to  personnel  and  equipment  in  the  high 
atmosphere  and  space. 

• Improvement  of  weather  forecasting. 

• Study  of  climate. 

• Prediction  of  the  trajectories  of  biological,  chemical,  or  radiological 
agents. 

• Development  ol  reliable  point-to-point  communications. 

• Development  of  reliable  and  accurate  methods  of  guidance,  control, 
and  delivery  of  missiles  to  their  targets. 

• Development  of  reliable  and  acc  urate  methods  of  detection  of  enemy 
missiles  and  high-altitude  craft. 

• Development  of  countermeasures  against  enemy  missiles. 

• Remote  detec  tion  of  nuclear  explosions.'' 

But  to  the  extent  the  salesmanship  succeeded,  it  also  raised  the  question  of 
why  the  sounding  nxket  results  shouldn't  he*  c lassified  if  they  were  so  val- 
uable to  the  military  , which  was  paving  for  them. 

From  the  outset  the  panel  had  assumed  that  its  program,  being  basic 
research,  would  be'  unclassified,  in  a memorandum  to  the  White  Sands 
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Proving  Ground.  Col.  H.  N.  Toftoy  of  the  Army  Ordnance  Department 
had  written  that  V-2  firing  schedules,  rocket  design,  and  flight  information 
would  be  unclassified.*4  This  decision  was  important  to  the  program,  since 
the  flight  information  was  intimately  related  to  the  high-altitude  data 
obtained  from  the  rocket,  and  since  design  data  were  needed  for  interpret- 
ing measurements— for  example,  aerodynamic  pressure  curves  were  re- 
quired in  obtaining  atmospheric  densities  from  pressure  measurements 
along  the  surface  of  the  flying  rocket.  A serious  threat  arose  when,  at  the 
October  1952  meeting  of  the  panel,  Earl  Droessler  of  the  R8cD  board  an- 
nounced that  the  military  had  again  raised  the  question  of  classification  of 
upper  atmospheric  data.  The  panel  unanimously  agreed  to  fight  classifica- 
tion, citing  the  importance  of  the  scientific  process,  in  particular  open  pub- 
lication and  free  exchange  of  info  mation,  to  a basic  research  activity. 
While  there  was  something  to  be  gained  by  classifying  certain  specific  uses 
of  scientific  information,  there  was  much  to  be  lost  by  classifying  the 
purely  scientific  data.  In  these  efforts  the  panel  was  successful,  ami  the 
program  remained  unclassified. 

The  program  called  for  a lot  of  work,  but  it  was  exciting.  Panel  meet- 
ings were  enjoyable,  with  none  of  the  tedium  that  so  often  weighs  oppres- 
sively on  committee  meetings.  For  most  of  the  members,  after  a period  of 
preparation  at  home  base — in  Washington,  Silver  Spring,  Cambridge,  Ann 
Arbor,  ot  elsewhere — there  would  be  a period  erf  some  weeks  or  a couple  of 
months  working  in  the  lonely  beauty  of  the  New  Mexico  desert.  How 
exhilarating  it  was  to  send  a rocket  roaring  into  the  clear  blue  sky,  watch 
the  missile  irate  a brilliant  white  vapor  trail  against  the  azure  background, 
a trail  the  stratospheric  winds  soon  blew  into  complicated  twists  and  knots, 
and  then  to  jump  into  a jeep  and  race  northward  to  retrieve  cameras  and 
instruments!  On  one  such  day  in  March  1957.  with  the  sky  as  bright  a blue 
as  it  ever  had  been,  V-2  no.  21  landed  in  the  heart  of  the  While  Sands 
National  Monument.  What  a glorious  hunt  riding  up  and  down  over  the 
snow-white  dunes  of  gypsum  sand  that  stretched  as  far  as  the  eye  could  see! 
At  the  end  of  the  day.  with  a solar  spectrograph,  cameras,  and  other  in- 
struments safely  slowed  aboard  the  jeeps,  the  impact  party,  as  it  was  called, 
slowly  worked  its  way  out  of  the  barren  wilderness.  As  the  group  ap- 
proached the  edge  of  the  monument,  where  the  gypsum  deposit  has  ac- 
quired a pinkish  tint  from  the  surrounding  red  sands  of  the  Tula  Rosa 
Basin,  the  sun  was  setting.  An  occasional  yucca  growing  amid  the  pink- 
white  dunes  provided  a display  of  incomparable  beauty,  which  the  glow- 
ing sun  transformed  into  a fairyland.  When  the  white  sands  were  finally 
left  behind,  one  could  feel  the  emotional  release. 

The  routine  was  frequently  broken  by  bits  of  humor.  Early  in  the  pro- 
gram. before  the  range  was  properly  instrumented  for  tracking  the  V-2s, 
von  Braun  often  watched  the  flying  rocket  as  it  rose  above  the  desert,  judg- 
ing by  eye  whether  it  was  on  course.  If  the  missile  strayed,  von  Braun 
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called  (or  slopping  the  engines  by  radio.  On  one  occasion,  the  eye  failed  to 
detect  a lipping  toward  the  south,  and  the  missile  landed  in  a cemetery  in 
Juarez,  Mexico,  causing  something  of  an  international  incident.  Rumor 
had  it  that  von  Braun's  lapse  might  have  been  related  to  his  having  some 
instruments  riding  on  the  rocket  At  any  rate  preparations  to  track  the 
missiles  by  instrument  were  accelerated. 

The  Naval  Research  Laboratory  used  radio  signals  from  the  flying 
rocket  to  measure  the  electrification  of  the  ionosphere.  For  this  purpose  the 
laboratory  installed  ground  stations  uprange  from  the  launching  area.  One 
day  as  tire  men  were  preparing  one  of  tire  stations  for  an  approaching 
flight,  an  Army  jeep  drove  up,  and  a soldier  got  out  and  began  driving  a 
stake  into  the  ground  not  more  than  a stone's  throw  from  the  station 
Curious  the  men  asked  what  that  meant.  That,  they  were  told,  was  the 
aiming  point  for  some  planned  1’onest  John  rocket  tests.  The  men  let  it  be 
known  they  didn't  fully  appreciate  being  made  the  target  of  rocket  firings. 
“Not  to  worry,"  was  the  answer,  “we  never  hit  the  target,  anyway!" 

Often  there  was  frustration  to  struggle  with.  During  the  countdown 
for  the  firing  of  V-2  no.  16,  something  in  the  tail  switch,  which  was  sup- 
posed to  turn  the  experimental  equipment  on  after  takeoff,  was  wrong.  An 
effort  was  made  to  reconnect  the  switch  there  on  the  launch  stand  with  the 
fully  loaded  rocket  waiting  to  take  off.  After  launch,  however,  instead  of 
turning  instruments  on,  the  rewired  switch  proceeded  to  turn  everything 
off.  A postflight  review  showed  that  there  were  several  ways  in  which  the 
switch  could  have  been  connected  to  do  the  intended  job.  and  only  one 
way  in  which  it  would  fail.  The  one  and  only  wrong  way  had  been 
chosen — an  important  object  lesson  regarding  hasty,  last-minute  changes 
in  the  field.  It  turned  out.  however,  that  this  rocket  tumbled  end  over  end 
in  flight,  which  would  hare  made  the  reduction  of  data  an  exceedingly 
complex  matter.  The  scientist  in  charge  later  said  it  was  probably  a good 
thing  that  the  equipment  had  been  turned  off.  for  otherwise  the  experi- 
menters would  surely  have  been  unable  to  resist  the  temptation  to  try  to 
interpret  the  measurements  and  probably  would  have  wasted  a lot  of  time 
on  a futile  exercise. 

On  another  occasion,  as  a physicist  watched  a rocket  carry  aloft  the 
cloud  chamber  over  which  he  had  labored  long  and  hard,  he  remembered 
that  he  had  forgotten  to  remove  the  lens  cap  from  the  recording  camera. 
To  add  to  the  feeling  of  despair,  the  telemetering  record  indicated  that  the 
cloud  chamber  had  worked  perfectly  during  the  flight. 

Of  course,  it  was  always  heartbreaking  when  the  rocket  failed  to  per- 
form. It  was  difficult  enough  for  some  experimenters  to  reconcile  them- 
selves to  the  thought  that  the  equipment  they  had  struggled  to  perfect 
would  often  be  destroyed  on  a single  flight.  There  was  consolation  when 
the  flight  produced  the  data  sought,  but  not  when  the  rocket  failed.  After 
the  program  had  been  under  way  for  some  time,  it  was  noted  that  the 
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rockets  bearing  the  simplest  payloads  seemed  to  have  the  best  success.  The 
Applied  Physics  Laboratory  group,  which  never  attempted  to  load  rockets 
to  full  capacity,  had  acquired  an  image  of  almost  perfect  success.  In  con* 
trast.  the  Air  Force  Cambridge  Research  Center,  which  tried  to  conduct 
dozens  of  complicated  experiments  on  a single  Right — and  even  length* 
ened  the  V-2  by  a whole  diameter  to  make  additional  instrument  space — 
had  developed  an  image  of  almost  complete  failure.  The  Naval  Research 
Laboratory,  which  flew  payloads  intermediate  between  those  of  APL  and 
AFCRL  in  complexity,  succeeded  about  two-thirds  of  the  time.  There 
seemed  to  be  an  interaction  between  the  experimenting  and  the  launching 
operations,  the  more  complex  experiments  tending  to  induce  more  prob- 
lems with  the  rocket  itself.  The  suspicion  that  this  was  actually  happening 
was  widely  held,  but  never  proved.  On  closer  look,  the  evidence  is  not  as 
clear  as  it  seemed  at  the  time,  for  the  Princeton  experiments  were  as  simple 
as  any.  and  yet  all  their  rockets  failed,  which  was  no  doubt  the  main  reason 
for  Primet on’s  early  withdrawal  from  the  program 

One  cannot  work  with  rockets  without  a certain  amount  of  danger. 
Although  the  missiles  were  aimed  away  from  them,  the  stations  uprange 
were  nevertheless  exposed  to  some  risk  that  the  rocket  might  land  on  one 
of  them.  No  direct  hit  ever  did  occur,  but  on  a few  occasions  the  wreckage 
from  a falling  rocket  landed  uncomfortably  close.  The  greatest  danger 
existed  when  the  rocket  was  being  loaded  with  propellants  and  people 
were  still  working  around  it.  completing  last  minute  preparations.  When  a 
spurt  of  hydrogen  peroxide  set  a jeep  afire,  the  industrial  supplier  was 
moved  to  assert  public  !v  that  the  liquid  was  perfectly  safe  if  only  it  were 
handled  properly.  Most  distressing  were  .ucidents  to  personnel,  as  when  a 
fuming  sulfuric  acid  mixture  being  loaded  into  a V-2  prematurely  ejected, 
spraying  the  face  of  a worker  and  endangering  his  eyesight.  The  acid  mix- 
ture was  used  to  generate  visible  clouds  in  the  stratosphere,  which  were 
then  tracked  to  measure  stratospheric  winds. 

The  author  vividly  remembers  working  with  a companion  on  a plat- 
form 10  to  15  meters  above  ground,  inserting  live  JATO*  rockets  into 
receptacles  in  the  midsection  of  a fully  loaded  Y-2.  Tests  had  shown  that 
JATO  would  ignite  from  the  slightest  applied  voltage,  and  care  had  to  be 
exercised  not  to  generate  any  static  electricity  or  to  permit  curirnt  to  flow 
through  the  JATO  igniter  from  the  ohmmeter  being  used  to  check  the  cir- 
cuits. Other  workers  had  retired  to  a respectful  distance.  Slanting  cables 
had  been  drawn  between  the  work  platform  and  the  ground,  clown 
which — if  things  went  wrong — one  could  slide  and  then  run  like  hell  to 
safety.  The  JATOs.  which  were  intended  to  impart  a spin  to  the  rocket  in 
the  upper  atmosphere,  did  not  ignite  during  the  loading.  But.  then,  neither 
did  they  spin  the  V-2  in  flight. 
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International  Contacts 

From  the  panel's  labors  gradually  accumulated  an  array  of  answers  to 
important  questions  that  had  previously  been  intractable.  As  noted  earlier, 
published  results  began  to  attract  attention  in  the  United  States.  The 
sounding  rocket  program  also  aroused  interest  abroad.  At  the  panel's  13 
June  1950  meeting,  Sydney  Chapman,  renowned  geomagnetician  from  the 
United  Kingdom,  joined  the  discussions.  From  that  time  international 
contacts  gradually  broadened,  as  Chapman  became  a frequent  participant 
and  visitors  from  Belgium,  Australia,  Japan,  and  Canada  came.  In  the  fall 
of  1952  the  Royal  Society's  Gassiot  Committee — a committee  concerned 
with  upper  atmospheric  research — proposed  an  international  meeting  on 
that  subject,  to  be  held  at  Oxford  the  following  August.  At  the  conference 
the  Europeans  heard  the  U.S.  program  and  results  discussed  in  detail, 
while  the  Americans  became  aware  of  a growing  interest  among  scientists 
from  other  countries.  By  publishing  the  proceedings  in  book  form,  the 
British  stole  something  of  a march,  giving  panel  members  occasion  to  reas- 
sess their  ow  n publication  program.-5 

At  this  very  period  early  plans  for  a "Third  Polar  Year" — a worldw ide 
cooperative  program  of  geophysical  investigations — were  taking  shape 
(chap.  5).  Van  Allen  and  other  panel  members  had  already  been  consider- 
ing the  possibility  of  conducting  rocket  soundings  in  the  vicinity  of  Fort 
Churchill,  Canada,  The  author  proposed  at  the  panel's  January  1953  meet- 
ing that  a "full  fledged  operation  of  Northern  latitude  firings  be  organized 
for  the  Third  Polar  Year  1957-1958"  and  presented  objectives  and  re- 
quirements for  such  a program  at  the  following  meeting,2*  In  October 
1953,  Joseph  Kaplan,  chairman  of  the  U.S.  National  Committee  for  the 
International  Geophysical  Year  (the  new  name  for  the  Third  Polar  Yeair), 
and  Sydney  Chapman,  chairman  of  the  International  Committee  for  the 
IGY.  both  approved  the  idea  of  an  IGY  rocket  program.  Kaplan  reported 
that  the  panel  would  be  asked  to  serve  as  advisory  committee  to  the  Na- 
tional Academy  of  Sciences’  National  Research  Council  for  the  rocket 
phases  of  the  IGY  program,  but  very  shortly  thereafter  the  academy  estab- 
lished its  own  Technical  Panel  on  Rocketry.27  To  coordinate  planning  and 
preparations  for  firings  at  Fort  Churchill — after  some  negotiations  Canada 
formally  extended  an  invitation  to  the  United  States  to  set  up  a rocket- 
launching range  there— the  panel  formed  a Special  Committee  for  the  IGY 
(SCIGY).  Hearing  of  the  Research  Council's  Technical  Panel  on  Rocketry, 
the  panel  transferred  SCIGY  to  the  academy's  technical  group.-*  SCIGY's 
membership  was  then  expanded  slightly  to  the  following: 


H.  E.  Newell.  Naval  Research  laboratory.  Chairman 
J VV.  1 dwnsend,  Jr.,  Naval  Research  Laboratory,  Executive  Secretary 
John  Hanessian.  Jr.,  National  Academy  of  Sciences.  Recording  Sec 
retary 
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K.  A.  Anderson.  State  University  of  Iowa 
Warren  Beming,  Ballistic  Research  Laboratories 

L.  M.  Jones,  University  of  Michigan 

R.  M.  Siavin,  Air  Force  Cambridge  Research  Center 

N.  W.  Spencer,  University  of  Michigan 

W.  G.  Stroud,  Signal  Engineering  Laboratories1* 

The  military  services  permitted  their  employees  to  take  part  in  the  1GY 
program  and  undertook  to  provide  logistic  support  for  shipboard  opera' 
tions  and  for  setting  up  an  Aerobee  tower  and  a Ntke-Cajun  launcher  at 
Fort  Churchill.  The  Aimy  was  in  overall  charge  of  the  U.S.  rocket  con- 
tingent at  Fort  Churchill,  while  the  three  services  shared  the  expenses.  But 
additional  funds  were  needed.  Accordingly,  Van  Allen  submitted  on  behalf 
of  panel  members  a budget  request  to  the  IGY  committee  for  more  than  one 
and  a half  million  dollars,  about  15  percent  of  America's  total  planned 
budget  few  the  IGY.5*  The  costs  of  the  program  were  defrayed  by  both  the 
military  services  and  the  IGY  budget. 

I ! it  IGY  Satellite  Program 

Although  individual  members  had  long  been  interested  in  the  use  of 
artificial  satellites  for  scientific  research,  the  panel  up  to  this  point  had 
recommended  only  a sounding  rocket  program  for  IGY.  But  simultane- 
ously with  th"  plan, ting  for  rocket  firings,  .enthusiastic  advocates  were 
pressing  for  the  launching  of  scientific  satellites.  Inevitably  the  panel  was 
caught  up  in  these  proposals.  To  explore  at  length  the  usefulness  of  satel- 
lites for  scientific  research,  the  panel  sponsored  a symposium  at  the  Uni- 
versity of  Michigan  26-27  January  1956.  The  proceedings  were  published 
in  a book,51  the  sale  of  which  generated  a small  treasury  for  the  panel.* 
Once  aroused,  interest  in  scientific  satellites  grew  rapidly.  Most 
members  took  part  one  way  or  another  in  the  IGY  satellite  program. 
Gradually  the  idea  emerged  that  the  United  States  should  go  further  and 
establish  some  kind  of  permanent  space  agency  . In  the  summer  of  1957,  the 
author  jotted  down  some  brief  notes  outlining  a "National  Space  Estab- 
lishment" to  be  organized  and  funded  to  conduct  unmanned  space  research 
and  applications  and  manned  exploration  of  outer  space.  Shortly  thereafter 
the  panel — which  the  preceding  April  had  changed  its  name  to  Rocket  and 
Satellite  Research  Panel — took  steps  to  explore  formally  its  potential  in- 
terest in  earth  satellites  and  outer  space.  Report  47.  19-20  September  1957, 
r**cords  the  creation  of  a Committee  on  the  Occupation  of  Space,  chaired 


*H.mng  ,t  Kink  account  was  a v>uitr  of  some  prfptexilv  not  resohed  until  \ears  later,  when  the 
monr>  was  donated  to  a small,  nonprofit  Athiiy  calk'd  Science  Smite*.  The  income  from  ihe  Rift  was 

(o  pfmtde  for  an  annual  award  to  a student  competing  in  the  International  Sc  ience  Fair.  1 he  panel 
that  the  award  be  for  excellence  in  the  field  of  space  exploration,  space  science,  space  engi- 
neering.m space  application.  Mrgetun.  minutes  of  jxinel . rjx 
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by  (he  author.  When  Sputnik  1 went  into  orbit,  the  panel  intensified  its 
efforts  on  behalf  of  a civilian  National  Space  Establishment.*2 

On  21  November  the  group  issued  a paper  entitled  "A  National  Mis- 
sion to  Explore  Outer  Space/*  A different  version,  “ National  Space  Estab- 
lishment/* appeared  on  27  December  1957  (see  app.  D).  The  minutes  of  the 
6 December  panel  meeting  record  that  the  earlier  paper  had  been  discussed 
with  Detlev  Bronk.  president  of  the  National  Academy  of  Sciences.  Copies 
had  also  been  given  to  James  Killian,  the  president’s  science  adviser,  ami  to 
Lee  DuBridge,  president  of  the  California  Institute  of  Technology.  Dr.  Kil- 
lian referred  the  panel  report  to  Herbert  York,  Emanuel  Piore,  and  George 
Kistiakowsky,  members  of  the  President’s  Science  Advisory  Conduce 
who  were  also  exploring  the  question  of  the  United  States  role  in  space.53 

To  this  point  the  panel’s  policy  of  restricting  membership  to  those 
working  in  the  upper-atmosphere  program  had  made  good  sense.  But  now 
the  panel  felt  the  need  few  additional  weight  behind  its  recommendations. 
During  December  1957  the  membership  about  doubled,  adding  key  persons 
in  the  military  research  establishment,  industry,  the  rocket  development 
field,  and  the  American  Rocket  Society  (app.  A).  The  society  was  also  agi- 
tating at  the  time  for  the  creation  of  a civilian  space  agency.34  The  two 
groups  agreed  to  join  forces  in  promoting  the  idea,  and  on  4 January  1958 
issued  a summary’  paper  supporting  their  joint  proposal  for  a “National 
Space  Establishment*'  to  have  responsibility  for  investigating  and  explor- 
ing space. 

In  addition  to  preparing  that  paper,  the  Rocket  and  Satellite  Research 
Panel  mapped  out  a plan  to  bring  its  recommendations  to  the  attention  of 
persons  who  might  be  in  a position  to  do  something.  Members  visited 
congressmen  and  officials  in  the  administration  and  sought  help  from  the 
Academy  of  Sciences.  A small  group,  chaired  by  the  author  and  including 
Wernher  von  Braun  and  William  Pickering,  called  on  Vice  President 
Nixon,  who  seemed  most  receptive.  Through  his  good  offices  a number  of 
meetings  were  arranged  for  the  group  on  Capitol  Hill  and  in  the  executive 
branch:  with  the  commissioners  and  general  manager  of  the  Atomic 
Energy*  Commission,  w ith  George  Allen  and  key  figures  in  the  11. S.  Infor- 
mation Agency  , and  with  the  staffs  of  the  House  and  Senate  committees 
that  were  considering  how*  to  respond  to  the  Soviet  challenge  in  space. 
William  Stroud,  von  Braun,  and  the  author  appeared  before  the  Joint 
Committee  on  Atomic  Energy  and  shocked  members  by  asserting  that  the 
proposed  space  program  could  very  likely  require  as  much  as  a billion 
dollars  a year  and  could  become  comparable  to  the  atomic  energy  program 
once  it  got  going.55 

Panel  members,  of  course,  seized  on  whatever  news  tluy  could  acquire 
about  what  was  going  on.  They  heard  that  the  space  program  could  go  a 
number  of  wavs:  a new*  agency  might  be  created,  which  the  panel  had 
naively  recommended;  or  responsibility  might  be  assigned  to  an  existing 
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agency  like  the  National  Advisory  Committee  for  Aeronautics;  or  the 
Department  of  Defense  might  get  the  job.56 

Among  panel  members  the  NAGA  had  an  image  of  gross  conservatism. 
In  talking  to  Hugh  Dryden,  director  of  NACA,  Whipple  received  the 
impression  that  NACA  was  "not  prepared  to  undertak  space  research  on 
the  scale  considered  essential  by  the  RSRP  and  by  the  American  Rocket 
Society."  Whipple  had  also  talked  with  General  Doolittle*  NACA  chair- 
man, who  declared  his  intense  feeling  that  it  would  be  a great  error  to  set 
up  any  such  organization  outside  of  the  Defense  Department’s  jurisdic- 
tion.57 His  opinion  was  disturbing  to  panel  members,  who  had  felt  the 
pinch  of  budgets  for  sounding  rocket  research  competing  u'ith  budgets  for 
purely  military  purposes  and  who  would  like  to  remove  the  periodic  vexa- 
tion of  the  classification  battle.  Although  members  recognized  that  the  new 
agency  would  have  to  depend  on  the  military  for  a great  deal  of  hardware 
and  logistical  support,  to  a man— including  those  employed  by  the 
services— the  panel  was  determined  that  the  nation’s  space  agency  ought  to 
be  civilian. 

Doubts  about  the  NACA  did  not  lessen  the  feeling  of  satisfaction  with 
the  National  Aeronautics  and  Space  Act  of  1958.  Members  were  prepared 
to  give  whole-hearted  support  to  the  new  National  Aeronautics  and  Space 
Administration,  which  was  to  absorb  NACA  as  its  nucleus.  Indeed,  many 
joined  the  new  agency.  But  the  panel  itself  was  now  at  loose  ends.  The 
purposes  it  had  served  for  more  than  a decade  would  now  be  NASA’s.  For 
the  next  two  years  the  panel  devoted  itself  to  colloquia  on  topics  related  to 
atmospheric  and  space  research,  but  such  colloqu*  could  hardly  serve  the 
now  explosively  expanding  field  the  way  sessions  of  the  scientific  societies 
could.  Members  experienced  a growing  dissatisfaction  where  before  a feel- 
ing of  pioneering  excitement  had  suffused  the  discussions.  William  Picker- 
ing submitted  his  resignation  with  a statement  that  he  felt  that  the  panel 
no  longer  served  any  real  purpose.56 

Having  existed  for  so  long  without  any  formal  charter,  the  panel  now’ 
found  time  to  compose  a constitution,  which  was  declared  adopted  by  a 
three-fourths  vote  at  the  meeting  of  17  February  I960.39  After  one  more 
meeting,  the  panel  susjx'nded  operations. 

Thus,  the  panel’s  success  in  helping  bring  about  the  creation  of  a new 
agency  devoted  to  the  investigation  and  exploration  of  space  also  brought 
the  demist  of  the  panel.  In  contrast,  the  National  Academy  of  Sciences, 
which  the  Rocket  and  Satellite  Research  Panel  had  drawn  into  the  rocket 
research  field,  expanded  us  role  in  the  program  after  the  creation  of  NASA. 
The  Space  Science  Board,  which  grew  out  of  the  academy’s  IGY  panels  on 
rcxketry  and  earth  satellites,  was  an  immediate  source  of  advice  to  NASA  in 
its  formative  years,  taking  over  the  advisory  role  that  the  Rocket  and  Satel- 
lite Research  Panel  had  once  played.  As  a committee*  of  the  nation’s  presti- 
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gious  Academy  of  Sciences,  the  Space  Science  Board  enjoyed  a vantage 
point  that  the  panel  never  had  commanded.  How  the  academy  went  into 
space  science  and  events  leading  to  the  establishment  of  the  Space  Science 
Board  as  one  of  the  prime  sources  of  advice  to  NASA  are  dealt  with  in  the 
next  chapter. 
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In  the  fall  of  1957  the  National  Academy  of  Sciences  in  Washington 
was  hosting  an  international  conference  on  rockets  and  satellites.  The 
mood  was  one  of  anticipation.  The  International  Geophysical  Ye-  Sad 
begun  officially  on  1 July  1957  after  several  years  of  careful  planni  ■«.  uii 
the  guidance  of  the  Comite  Speciale  de  TAnnee  Geophysique  In 
nale  (CSAGI).  Now,  during  the  week  of  30  September  to  5 Oct  >er  1 ' 
CSAGI  was  giving  special  attention  to  the  continued  planning  of  r * . 

and  satellite  part  of  the  IGY  program. 

The  International  Geophysical  Year— IGY  for  short— grew  out  of  a 
suggestion  made  in  1950  by  Lloyd  V.  Berkner  to  a small  group  gathered  at 
the  home  of  James  A.  Van  Allen  in  Silver  Spring,  Maryland,  that  in  the 
period  1957-1958  there  should  be  a Third  International  Polar  Year.  Two 
previous  International  Polar  Years,  the  first  1882-1883  and  the  second  1932- 
1933,  had  demonstrated  in  some  measure  the  value  of  international  coop- 
eration in  earth  science  investigations.1  The  group  was  heartily  in  favor  of 
the  idea. 

No  better  promoter  for  such  a project  could  have  been  found  than 
Lloyd  Berkner.  A world-renowmed  geophysicist,  he  had  long  worked  fvith 
problems  of  the  ionosphere,  the  electrified  region  of  the  upper  atmosphere 
that  is  responsible  for  reflecting  radio  signals  around  the  world,  making 
radio  communications  beyond  the  horizon  possible.  Berkner  had  been  asso- 
ciated with  G.  Breit  and  M.  A.  Tuve  who,  at  *he  Carnegie  Department  of 
Terrestiial  Magnetism  in  Washington,  had  lx  n among  the  first  to  meas- 
ure the  height  of  the  ionosphere.2  Berkner  was  interested  in  the  institu- 
tional and  international  aspects  of  science,  serving  as  adviser  to  the  Depart- 
ment of  Defense  and  in  the  State  Department,  and  becoming  very  active  in 
a number  of  the  unions  of  the  International  Council  of  Scientific  Unions. 
Most  notable  was  his  boldness  of  vision,  which  in  scientific  circles  was 
fully  a match  for  that  of  von  Braun  in  rocketry. 

Immediately  swinging  into  action,  Berkner  and  Sydney  Chapman  con- 
veyed the  proposal  to  the  Joint  Commission  on  the  Ionosphere  of  the  Inter- 
national Scientific  Radio  Union,  the  International  Union  of  Geodesy  and 
Geophysics,  and  the  International  Asttonomical  Union.  In  time  the  recom- 
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mendation  readied  and  was  adopted  by  the  International  Council  of  Scien- 
tific Unions — parent  body  of  the  various  individual  unions — which  in  1962 
appointed  a special  committee  to  oversee  the  project  In  the  course  of  solic- 
iting participation,  the  enterprise  was  enlarged  to  encompass  the  scientific 
study  of  the  whole  earth,  a subject  move  broadly  appealing  than  polar 
investigations. 

Thus  the  ICY  was  born.3  The  special  committee  was  formally  desig- 
nated the  Special  Committee  for  the  ICY,  referred  to  in  both  speech  and 
writing  as  CSAGI  (generally  pronounced  kuh  sah  jet),  the  acronym  of  its 
name  in  French.  Chapman  became  the  president  of  CSAGI,  Berkner  its 
vice  president,  and  both  labored  tirelessly  and  effectively  to  make  the  proj- 
ect go.  Eventually  67  countries  joined. 

Chapman  gave  some  idea  of  the  scope  of  the  IGY  as  finally  conceived 
by  its  planners  and  organisers  in  his  general  foreword  to  the  first  volume 
of  the  Annals  of  the  Internationa*  Geophysical  Year. 

The  main  aim  is  to  learn  more  about  the  fluid  envelope  of  our  planet — the 
atmosphere  and  oceans — over  all  the  earth  and  at  all  heights  and  depths.  The 
atmosphere,  especially  at  its  upper  levels,  is  much  affected  by  disturtances  on 
the  Sun;  hence  this  also  will  be  observed  more  closely  and  continuously  than 
hitherto.  Weather,  the  ionosphere,  the  earth's  magnetism,  the  polar  lights, 
cosmic  rays,  glaciers  all  over  the  world,  the  sue  and  form  of  the  earth,  natural 
and  man-mink  radioactivity  in  the  air  and  the  seas,  earthquake  waves  in  re- 
mote places,  will  be  among  the  subjects  studied.  These  researches  demand 
widespread  simultaneous  observation.4 

k sponding  to  the  international  call  to  countries  to  join  in  the  IGY 
project,  the  National  Academy  erf  Sciences,  through  its  National  Research 
Council,  established  a National  Committee  for  the  IGYF  and  selected  Joseph 
Kaplan  as  its  chairman  (app.  E).  Kaplan,  a geophysicist  who  had  acquired 
a considerable  reputation  working  in  the  laboratory  on  hand  emissions 
from  various  atmospheric  gases,  was  noted  for  an  inexhaustible  supply  of 
pleasant  anecdotes.  His  genial  personality  was  ideally  suited  to  working 
with  the  difficult,  dark,  moody,  sometimes  abrasive  Hugh  Odishaw,  execu- 
tive director  of  the  committee.  Odishaw  was  the  guiding  genius  behind  the 
organization  of  the  U.S.  IGY  program,  and  his  influence  could  be  fell  in 
the  international  arena  as  well.  He  had  a remarkable  ability  to  foresee  the 
future  consequences  of  present  actions,  and  was  invaluable  in  mapping 
out  strategy*  and  directing  tactics  for  securing  support  from  the  administra- 
tion and  Congress  and  in  dealing  w ith  the  inevitable  conflicts  and  politick- 
ing on  the  international  scene. 

In  putting  forth  his  original  proposal,  Berkner  had  cited  the  great  ad- 
vances in  technology  and  scientific  instrumentation  since  the  early  1980s — 
much  of  it  generated  in  the  isecution  of  World  War  11 — as  a compelling 

reason  for  not  waiting  ^iA  the  30  years  that  had  intervened  between  the 


5! 


Beyond  the  A rMOsniEitE 


First  and  Second  Polar  Years.  Shortening  the  interval  to  25  years  would 
put  the  proposed  Third  Polar  Year  in  the  period  1957-1958.  which  would 
afford  die  added  advantage  of  being  a time  of  maximum  sunspots,  in  con- 
trast to  the  sunspot  minimum  of  the  Second  Polar  Year. 

Among  the  new  technologies  that  could  be  applied  to  the  detailed  in- 
vestigation of  the  earth  and  sun  were  those  of  rocketry,  whose  applications 
to  grophysics  had  become  patently  dear  from  the  work  of  the  Upper 
Atmosphere  Rocket  Research  Panel,  some  of  whose  meetings  Kaplan  had 
attended.  When  the  panel  proposed  to  conduct  rocket  soundings  as  part  of 
the  IGY  program,  the  U.S.  National  Committee  quickly  approved.  Steps 
were  taken  at  once  to  indude  a sounding  rocket  segment  in  the  U.S.  pro- 
gram fur  the  IGY. 

The  National  Research  Council  established  a Technical  Panel  on  Rock- 
etry as  part  of  the  IGY  machinery,  and  the  National  Academy  of  Sciences 
informed  the  CSAGI  of  the  U.S.  intention  to  use  sounding  rockets  for  geo- 
physical investigations  during  the  IGY.5  By  the  time  of  the  IGY  planning 
meeting  conducted  by  CSAGI  in  Rome  during  the  week  of  30  September 
1934.  rocket  soundings  had  become  an  important  dement  of  the  program. 

But  plans  soon  went  beyond  sounding  rockets.  When  the  U.S.  sound- 
ing racket  program  had  begun  in  1946.  satellites  were  still  deemeu  imprac- 
ticable; now  matters  were  different.  The  Navy,  the  Air  Force,  and  other 
groups  had  continued  to  study  the  design  and  use  of  artificial  satellites 
launched  into  orbit  by  large,  powerful  rockets,  and  by  the  early  1950s  the 
feeling  had  developed  that  the  satellite's  time  had  come.  H’dden  by  security 
wraps,  some  studies  had  moved  fairly  far  along  in  the  planning  stage  * Von 
Braun  and  his  people  had  convinced  themselves  that  they  could  succeed  in 
short  order  in  orbiting  a small  satellite,  and  it  rankled  that  official  ap- 
proval could  not  be  obtained. 

Members  of  the  Upper  Atmosphere  Rocket  Research  Pane!  were  aware 
of  these  studies,  but  those  who  were  employees  of  the  military  did  not  feel 
free  to  press  the  issue.  As  has  been  seen,  the  panel  recommended  only  a 
sounding  rocket  program  to  the  Academy  of  Sciences.  But  geophysicist  S. 
Fred  Singer  of  the  Applied  Physics  Laboratory,  who  had  been  conducting 
cosmic  ray  and  magnetic  field  research  in  sounding  rockets,  felt  under  no 
restraints  of  military  security.  From  some  fairly  simple  calculations  Singer 
concluded  that  it  should  be  possible  to  place  a modest  (45-kilogram)  satel- 
lite in  orbit  around  the  earth,  and  at  every  opportunity  he  urged  that  the 
country  undertake  to  do  so.  Singer’s  conclusions  were  qualitatively  cor- 
rect, but  his  outspokenness  generated  some  friction  for  at  least  two  reasons. 
First,  Singer's  manner  gave  the  impression  that  the  idea  for  such  a satellite 
was  original  with  him,  whereas  behind  the  scenes  many  had  already  had 
the  idea,  and  they  felt  th2t  Singer  had  to  be  aware  of  this.  Muzzled  by- 
classification  restrictions,  they  could  not  engage  Singer  in  debate.  Second, 
being  unable  to  speak  out.  those  who  had  dug  into  the  subject  in  much 
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greater  depth  could  not  point  out  that  Singer’s  estimates  overshot  the  mark 
somewhat,  and  that  his  suggested  approach  was  not  as  workable  as  others 
that  couldn’t  be  mentioned. 

Nevertheless,  Singer  did  great  service  to  those  he  made  so  unhappy.  By 
making  known  the  present  possibility  of  placing  artificial  satellites  in  orbit. 
Singer  aroused  interest  in  this  kind  of  device  for  scientific  research.’  The 
IGY  was  to  be  the  first  beneficiary. 

Singer  gained  international  attention  for  his  proposal  when,  in  August 
1955  at  the  Fourth  International  Congress  on  Astronautics  in  Zurich,  he 
described  his  idea  for  a Minimum  Orbital  Unmanned  Satellite  Experi- 
ment— which  he  called  Mouse.  Mouse  would  weigh  45  kilograms  and 
would  be  instrumented  for  scientific  research. 

The  International  Scientific  Radio  Union,  at  its  1 1th  General  Assem- 
bly in  the  Hague,  gave  its  support  to  Singer's  proposal.  At  the  urging  of 
both  Singer  and  Lloyd  Berkner,  on  2 September  1954  the  Radio  Union 
adopted  a resolution  drawing  attention  to  the  value  of  instrumented  earth 
satellites  for  solar  and  geophysical  observations.  Later  that  month,  on  20 
September,  the  International  Union  of  Geodesy  and  Geophysics  at  its  10th 
General  Assembly  in  Rome  adopted  an  even  stronger  resolution,  actually 
recommending  that  consideration  be  given  to  the  use  of  small  scientific 
satellites  for  geophysical  research  * Both  the  resolution  of  the  Union  of 
Geodesy  and  Geophysics  and  the  earlier  one  of  the  Radio  Union  were  con- 
veyed to  CSAGI.  which  held  its  third  general  planning  meeting  in  Rome 
shortly  after  the  close  of  the  Geodesy  and  Geophysics  Union  meeting.  In- 
deed. it  is  unlikely  that  these  two  resolutions  could  have  been  missed  by 
CSAGI,  since  many  persons  attended  all  three  meetings — radio,  geophys- 
ics, and  CSAGI — and  even  more  attended  both  the  last  two.  Also,  the 
GSAG1  membership  included  representatives  from  a number  of  scientific 
unions,  including  radio  and  geodesy  and  geophysics.  The  combining  of 
forces  to  promote  programs  of  mutual  interest  is  traditional  among  the 
scientific  unions,  where  maneuvering  has  much  in  common  with  ordinary 
politics. 

At  any  rate,  on  4 October  1954  CSAGI  agreed  and  issued  its  challenge 
to  the  IGY  participants  in  the  following  words,  which  closely  parallel  the 
resolution  adopted  by  the  Union  of  Geodesy  and  Geophysics. 


In  view  of  the  great  importance  of  observations,  during  extended  periods  cf 
time,  of  extra-terrestrial  radiations  and  geophysical  phenomena  in  the  upper 
atmosphere,  and  in  view  of  the  advanced  state  of  present  rocket  techniques, 
CSAGI  recommends  that  thought  be  given  to  the  launching  of  small  satellite 
vehicles,  to  their  scientific  instrumentation,  and  to  the  new  problems  asso- 
ciated with  satellite  experiments,  such  as  power  supply,  telemetering,  and 
orientation  of  the  vehicle.* 
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It  remained  (or  interested  countries  to  respond  to  the  recommendation. 
The  United  States  had  already  announced  its  intention  to  conduct  sound* 
ing  rocket  flights  as  part  of  the  IGY  program,  but  the  complexity  and 
expense  of  an  earth-satellite  program  needed  careful  consideration  by  the 
agencies  that  would  be  expected  *o  carry  out  the  necessary  development 
and  IGY  operations.  Moreover,  at  the  opening  session  of  die  Assembly  of 
the  Union  of  Geodesy  and  Geophysics  Sydney  Chapman  as  president  of 
CSAGI  had  found  it  necessary  to  point  out  that  the  Soviets  had  not  yet 
seen  fit  to  join  the  IGY  program.  It  was  the  United  States  and  the  Soviet 
Union,  of  course,  that  were  expected  to  respond  positively  to  the  CSAGI 
proposal. 

The  U.S.  National  Committee  for  the  IGY  gave  careful  consideration 
to  the  proposal  during  the  spring  of  1965.  Support  was  not  immediately  unan- 
imous. Clearly  the  dimensions  of  this  undertaking  would  be  of  a different 
order  from  the  sounding  rockets  already  a part  of  the  IGY  planning.  Doubts 
were  expressed  over  the  wisdom  of  including  the  project  in  the  IGY.  Tech- 
nical aspects  were  not  the  only  considerations.  There  was  also  the  concern 
about  what  would  be  the  reaction  of  people  to  the  launching  of  an  artifi- 
cial satellite  that  could  easily  be  viewed  as  an  eye  in  the  sky,  could  well  be 
accorded  some  sinister  import,  perhaps  even  be  equated  with  some  kind  of 
witchcraft.  Memories  of  Orson  Welles's  Mars  invasion  had  by  no  means 
vanished.  Most,  however,  favored  endorsing  the  project.  Joseph  Kaplan, 
chairman  of  the  committee,  was  especially  enthusiastic  and  jokingly  coined 
the  phrase  "Long  Playing  Rocket"  for  the  satellite,  by  analogy  with  the 
long-playing  records  newly  on  the  market.  He  suggested  that,  since  sound- 
ing rockets  had  become  familiar,  the  idea  of  a long-playing  rocket  would 
prove  less  disturbing  than  the  completely  new  concept  of  an  artificial 
satellite. 

After  much  thought  the  National  Academy  of  Sciences,  sponsor  of  the 
U.S.  IGY  program,  and  the  National  Science  Foundation,  which  provided 
the  money,  agreed  jointly  to  seek  approval  of  an  IGY  scientific  earth- 
satellite  program.  The  two  agencies  were  successful,  and  the  I'.S.  intent  to 
launch  an  earth  satellite  during  the  IGY  was  announced  from  the  White 
House  on  29  July  1955.'®  A significant  factor  in  administration  support 
was  the  perceived  need  to  develop  and  explore  satellite  capabilities  for  pos- 
sible military  applications.  The  Pentagon  was  assigned  the  job  and,  after  a 
review  of  several  possibilities,  selected  the  Navy's  Vanguard  for  the 
purpose." 

With  scientific  satellites  now  in  the  IGY  program,  the  IGY  committee 
established  a Technical  Panel  on  the  Earth  Satellite  Program,  to  do  for 
satellites  what  the  rocketry  panel  was  doing  for  sounding  rockets.  Richard 
Porter,  the  General  Electric  Company  engineer  in  charge  of  the  V-2  test 
program  at  White  Sands,  was  asked  to  be  chairman.17 


Academy  of  Sciences  Stakes  a Qjum 


When  the  Fourth  Assembly  of  CSAGI  met  in  Barcelona,  10-15  Septem- 
ber 1956.  the  Soviet  Union  had  joined  the  1GY  and  was  prepared  to  say 
something  about  Soviet  rocket  and  satellite  {dans.  On  1 1 September,  Prof. 
I.  Bardin,  speaking  in  Russian,  announced  to  the  CSAGI  delegates  that  the 
USSR  would  have  a rocket  program  in  the  IGY.  details  to  be  given  later, 
and  also  would  use  satellites  for  pressure,  temperature,  cosmic  ray.  micro- 
meteor, and  solar  radiation  measurements.11  Whereas  the  United  States 
undertook  to  describe  in  considerable  detail  its  sounding  rocket  and  earth 
satellite  plans,  to  aid  those  who  wished  to  make  correlated  measurements 
by  other  techniques,  the  Soviet  Union  furnished  little  advance  information. 

Thus,  when  CSAGI  convened  the  conference  on  rockets  and  satellites 
in  Washington  in  the  fall  of  1957,  there  had  been  considerable  time  for 
work  on  the  rocket  and  satellite  projects,  but  it  remained  to  be  seen  how- 
much  cooperative  research  could  be  done  in  association  with  those  projects. 

The  subdued  sense  of  anticipation  that  pervaded  the  sessions  stemmed 
from  the  awareness  that  preparations  had  been  under  way  for  some  time, 
that  the  IGY  was  already  in  full  swing,  and  that  the  first  artificial  satellite 
must  soon  appear  over  the  horizon.  But  those  expectations  did  not  dimin- 
ish the  surprise  and  dismay  felt  by  U.S.  scientists  when  the  launching  of 
Sputnik  l was  announced  on  the  evening  of  4 October  1957.  At  the  time 
many  of  the  conference  attendees  were  guests  at  the  Soviet  Embassy.  The 
news,  which  had  been  broadcast  by  Moscow  Radio,  was  brought  to  Berk- 
ner.  who  shared  it  at  once  with  those  present.  His  announcement  practi- 
cally wiped  out  the  party  as  the  U.S.  scientists,  in  particular,  scattered  to 
their  home  bases  to  take  stock  of  what  had  happened.  The  author  had 
gone  home  that  evening  from  the  planning  sessions  at  the  academy  and 
was  about  to  call  it  a dav  when  Hugh  Odishaw  called.  As  executive  direc- 
tor of  the  U.S.  National  Committee  for  IGY,  Odishaw  wondered  if  a few 
people  shouldn't  meet  at  the  IGY  headouarters — 1145  19th  Street.  N.W. — 
to  discuss  the  turn  of  events.  Once  there,  Odishaw,  Richard  Porter,  the 
author,  and  others  kept  track  of  the  Soviet  satellite's  course.  From  radio 
sightings  as  they  were  reported,  the  ground  track  of  Sputnik  was  plotted 
on  a map  in  the  office,  and  in  a few  hours  a pretty  good  idea  emerged  of 
the  kind  of  orbit  Sputnik  was  following. 

As  the  group  in  imagination  followed  the  course  of  the  satellite  across 
the  heavens,  the  members  tried  to  weigh  the  Soviet  accomplishment  against 
the  fact  that  the  launching  of  the  U.S.  satellite.  Vanguard,  was  still  some 
months  away.  They  tried  to  estimate  what  the  public  reaction  would  be. 
Disappointment  was  to  be  expected,  but  they  did  not  anticipate  the  degree 
of  anguish  and  sometimes  genuine  alarm  that  would  be  expressed  over  the 
weeks  and  months  that  followed. 

The  next  morning,  Saturday,  5 October  1957,  in  the  auditorium  of  the 
I'.S.  National  Academy  of  Sciences.  Anatoly  Blagonravov  took  the  floor  to 
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speak  at  length  about  Sputnik.  Understandable  pride  was  evident  in  Blag- 
onravov’s bearing,  but  his  words  also  bristled  with  barbs  (or  his  American 
listeners.  The  speaker  could  not— or  at  any  rate  did  not— refrain  from  chid- 
ing the  United  States  lor  talking  so  much  about  its  satellite  before  having 
one  in  orbit,  and  commended  to  his  listeners  the  Soviet  approach  of  doing 
something  first  and  then  talking  about  it 

While  there  was  some  measure  of  justice  in  Blagonravov’s  ungracious 
comments,  his  U.S.  colleagues  couldn’t  help  feeling  that  he  missed — per- 
haps intentionally — the  point  that  much  of  the  advance  discussion  of  the 
U S.  IGY  satellite  program  was  to  provide  necessary  information  for  plan- 
ning by  those  who  wished  to  cooperate  in  the  tracking  or  other  operational 
aspects  of  the  mission.  In  view  of  the  fruitlessness  of  CSAGI’s  efforts  to 
elicit  any  such  accommodation  from  the  Soviets,  either  at  Barcelona  in 
1956  or  at  the  meetings  in  Washington,  the  remarks  of  their  Russian  col- 
league were  doubly  frustrating.14 

Nevertheless,  admiration  for  the  Soviet  achievement  was  genuine  and 
universal,  and  his  colleagues  could  heartily  applaud  when  Blagonravov  de- 
clared that  he  hoped  that  "this  first  step”  would  "serve  as  an  inspiration  to 
scientists  throughout  the  world  to  accelerate  their  efforts  to  explore  and 
solve  the  mysteries  and  phenomena  of  nature  remaining  to  be  explored.”'5 

Reaction  in  the  United  States  was  strong  and  widespread.  It  was  clear, 
albeit  intuitively  to  most,  that  a new  dimension  had  been  added  to  man’s 
sphere  of  thought  and  action.  Equally  clearly,  something  had  to  be  done 
about  the  fact  that  the  United  States  had  not  been  the  first  to  put  a satellite 
in  orbit.  One  read  and  heard  talk  about  Soviet  technological  supremacy, 
U.S.  loss  of  leadership,  the  missile  gap,  and  security  and  economic  impli- 
cations. In  view  of  the  impressively  large  weights  of  Sputnik  I (80  kg)  and 
2 (508  kg,  3 Nov.  1957),  and  the  muhiton  launch  vehicles  that  they  im- 
plied, the  8H-kg  payload  of  Explorer  1 launched  on  31  January  1958  did 
little  to  allay  such  concerns.  President  Eisenhower  attempted  to  downplay 
the  Soviet  achievement,  but  couldn’t  carry  it  off.1*  Congress  took  the  matter 
seriously,  largely  through  apprehension  over  military  implications,  and 
began  to  crank  up  the  machinery  to  respond  to  what  was  viewed  as  a 
crisis.  On  his  part,  Eisenhower  created  the  post  of  science  adviser  to  the 
president,  elevated  his  Science  Advisory  Committee  to  White  House  level, 
and  asked  the  committee  to  develop  a national  policy  on  space.  The  result 
was  to  be  the  National  Aeronautics  and  Space  Act  of  1958. 

By  now  atmospheric  and  space  science  had  moved  far  beyond  the  nar- 
row confines  of  the  Rocket  and  Satellite  Research  Panel  and  had  estab- 
lished a base  from  which  the  space  science  program  could  proceed  follow- 
ing the  creation  of  the  National  Aeronautics  and  Space  Administration  in 
the  summer  and  fall  of  1958.  From  the  membership  of  its  technical  panels 
on  rocketry  and  on  the  earth  satellite  program,  the  academy  established  a 
Space  Science  Board  in  June  1958,  to  advise  the  government  in  what  prom- 
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ised  to  be  a fast-growing  and  important  field.  Llovd  Berliner  was  named 
chairman  of  SSB  (app.  F). 

Events  of  the  next  three-quarters  of  a year  after  the  first  Sputnik  launch- 
ing make  a fascinating  and  educational  story  as  Congress  and  the  adminis- 
tration cooperated  and  wrestled  with  each  other  to  hammer  out  a legisla- 
tive response  to  the  crisis.17  A number  of  circumstances  combined  to  give 
scientists  the  civilian  agency  and  open  space  program  they  favored.  How 
this  came  about  will  be  dealt  with  in  chapter  7.  But  before  proceeding  to 
that  part  of  the  narrative,  it  is  appropriate  to  pause  and  take  stock  of  the 
rich  harvest  of  scientific  knowledge  that  a decade  of  rocket  sounding  had 
already  produced  before  artificial  earth  satellites  took  cm  an  importance 
that  commanded  the  attention  of  the  president  and  the  Congress. 
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The  Upper  Atmosphere  and  Cosmic  Rays 


Scheduling  V-2  flights,  developing  newer  rockets,  testing  instruments, 
seeking  financial  support,  fighting  military  classification,  arguing  and 
politicking  in  meetings  national  and  international — such  activities  se  ned 
to  consume  more  time  and  energy  than  the  actual  science  that  wa  *r 
ultimate  purpose.  But  because  of  those  subsidiary'  activities,  w hich  fill  most 
of  the  pages  of  this  book,  the  scientific  research  moved  steadily  forward. 
Month  by  month,  year  bv  year  the  results  accumulated.  By  the  time  NASA 
began  to  operate,  a rich  harvest  had  already  been  reaped  from  sounding 
rockets,  with  several  significant  contributions  from  the  scientific  satellite 
program  of  the  International  Geophysical  Year.  These,  especially  upper 
atmospheric  and  cosmic  ray  research,  gave  NASA  a running  start  in  space 
science. 

By  the  early  1960s  the  study  of  energetic  particles  and  magnetic  fields 
from  the  sun  and  their  interaction  with  the  earth’s  magnetic  field  had  be- 
come a w’ell  integrated  and  coherent  field  of  study.  By  then,  also,  satellite 
geodesy  had  begun  to  make  its  mark.  But  the  space  science  program  was 
open  ended,  and  the  harvest  a continuing  one.  This  steady  advance  of  space 
science  is  the  subject  of  three  chapters  (6,  11,  20),  whose  aim  is  to  present  in 
broad  outline  what  the  space  science  disciplines  encompassed  and  to  show' 
how'  space  techniques  made  notable  contributions.  The  present  chapter 
reviews  achievements  through  1958. 

Tnr  Threshoiuto  Space 

Thirty  thousand  light-years  from  the  center  of  a disk-shaped  galaxy, 
itself  measuring  100000  light-years  from  edge  to  edge,  planet  Earth  revolves 
endlessly  around  an  average  star,  the  sun,  which  w ith  its  attendant  planets 
speeds  toward  remote  Vega,  biightest  star  in  the  northern  skies.  Although 
containing  billions  of  stars,  nebulas,  and  other  celestial  objects,  most  of  the 
galaxy  consists  of  empty,  or  nearly  empty,  space.  To  inhabitants  of  Earth 
the  threshold  to  these  outer  voids  is  the  upper  atmosphere. 
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One  can  easily  show  theoretically  that  the  pressure  and  density  of  the 
atmosphere  must  decrease  exponentially  with  increasing  height  above  the 
ground,  and  experiment  confirms  this  « onclusion.1  Roughly,  at  least  for 
the  first  hundred  kilometers,  pressure  and  density  fall  to  one-tenth  their 
former  value  for  every  10-mile  (16-km)  increase  in  altitude.  Hence,  above  SO 
km  only  one  percent  of  the  atmosphere  remains,  while  beyond  100  km  lies 
only  one-millionth  of  the  atmosphere. 

Interest  in  the  lower  atmosphere  where  people  live  and  experience  the 
continuous  round  of  changes  in  weather  and  climate  is  obvious,  but  one 
might  well  ask  what  could  possibly  hold  the  attention,  even  of  scientists,  in 
a region  so  nearly  empty  as  the  upper  atmosphere?  The  initial  impression, 
however,  is  misleading.  After  closer  study  the  upper  atmosphere  is  found 
to  exhibit  many  fascinating,  often  practically  important  phenomena — such 
as  the  ionosphere,  which  profoundly  influences  radio  communications, 
especially  shortwave;  the  auroras;  electric  currents,  which  at  times  cause 
magnetic  effects  that  blank  out  both  radio  and  telephone  links;  and  the 
ozonosphere,  which  during  the  debate  over  fluorocarbon-propelled  aerosols 
gained  temporary'  stature  in  the  public  mind  as  the  protecting  layer  that 
shields  the  earth's  surface  from  life-killing  ultraviolet  rays  of  the  sun.  So 
interesting  w ere  the  challenging  phenomena  of  the  upper  atmosphere  that 
by  the  time  sounding  rockets  put  in  their  appearance,  scientists  had  already 
evolved  from  afar  a coherent,  comprehensive  picture  of  the  upper  atmos- 
phere and  soiar- terrestrial  relationships.  In  the  mid-  1940s  this  remarkably 
complete  picture  formed  a paradigm  that  hundreds  of  geophysicists  around 
the  world  shared  and  used  in  reporting  their  continuing  researches  at  scien- 
tific meetings  and  in  the  literature. 

The  main  features  of  this  paradigm  were  set  forth  in  an  article  cm  the 
upper  atmosphere  by  B.  Haurwitz,  first  published  in  1936  and  1937  and 
reissued  with  some  updating  in  194 1.2  For  those  who  began  using  sound- 
ing rockets  in  1946  to  explore  the  upper  atmosphere,  Haurwitz's  concise 
review’  provided  helpful  introduction,  while  a review’  paper  by  T.  H. 
Johnson  told  much  of  what  was  known  about  cosmic  rays  from  ground- 
based  and  balloon  researches.5  A classic  paper  by  Fred  Whipple  on  the  use 
of  meieor  observations  to  deduce  atmospheric  densities  at  altitudes  between 
50  and  1 10  km  was  one  of  the  best  examples  of  the  ingenuity  necessary7  in 
studying  a region  not  yet  accessible  to  them  or  their  instruments.4  But  the 
work  that  best  described  the  state  of  know  ledge  of  the  earth's  high  atmos- 
phere at  the  very  time  when  the  sounding  rocket  program  was  getting 
under  wav  in  the  United  States  was  a book  of  more  than  600  pages.  The 
Tpper  Atmosphere,  by  Indian  scientist  S.  K.  Miira.  Mitra  furnished  an 
exhaustive  review7  of  upper-atmospheric  research,  concluding  with  a chap- 
ter summarizing  w hat  had  been  learned  and  listing  some  of  the  most  im- 
portant problems  needing  further  research.  The  very7  last  paragraph  noted 
that  as  the  volume  was  going  to  press  word  had  reached  him: 


59 


Beyond  the  Atmosphere 


that  experiments  are  being  conducted  in  the  U.S.A.  with  the  V-2  rockets  to 
study  the  cosmic  rays  and  the  ionospheric  conductivity  up  to  heights  of  150 
km  (August,  1946).  It  is  hoped  that  the  scope  of  these  experiments  will  be 
extended  and  that  the  records  obtained  therefrom  will,  on  die  one  hand,  give 
direct  information  of  upper  atmospheric  conditions  and  on  the  other  reveal 
the  true  picture  of  the  intensity  distribution  of  solar  ultraviolet  radiation  and 
thus  help  to  solve  the  many  mysteries  of  the  upper  atmosphere  which  till 
now  have  resisted  all  attacks.5 

Mitra’s  hopes  paralleled  the  motivations  of  the  sounding  rocket  expert* 
menters,  many  of  whom  were  entering  what  was  to  them  an  entirely  new 
field. 

Following  is  an  elaboration  of  the  extensive  paradigm  that  the  space 
scientists  inherited  from  the  ground-based  researchers  (fig.  1).  The  descrip- 
tion is  based  on  the  works  cited  above,  especially  on  Mitra’s  treatise. 

The  atmosphere  extended  to  great  heights,  auroras  being  observed  on 
occasion  to  more  than  1000  km.  Pressure  and  density  were  calculated  and 
observed  to  fall  off  in  exponential  fashion.  If  the  temperature  were  uniform 
throughout  the  atmosphere,  the  decline  in  these  quantities  would  be  given 
by 


p =p0fxp(-h/H)  (1) 

and 

p = p0exp(-h/H)  (2) 

where  p and  p denoted  pressure  and  density  respectively,  the  subscript  zero 
indicated  values  at  the  ground,  and  h was  altitude.  The  quantity  H,  known 
as  the  scale  height,  was  given  by 

H = kT/Mg  (3) 


where 

k - Boltzmann  constant  = 1.372  X 10 16  erg/degree 
T = temperature  in  kelvins 

Af  = mean  molecular  mass  of  the  air  = 4.8  X 1025  gm 
g - acceleration  of  gravity.6 


In  (1)  and  (2)  the  value  of  g was  assumed  to  be  constant,  whereas  in 
actuality  gravity  varies  inversely  as  the  square  of  the  distance  from  the 
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Figure  L The  upper  atmosphere  as  visualized  in  the  mid~I940s. 
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center  of  the  earth.  Hence  the  expressions  for  pressure  and  density  were 
only  approximate.  More  significantly,  atmospheric  temperature  varied 
markedly  with  altitude,  the  scale  height  given  by  (3)  varying  proportion- 
ately. Thus,  in  regions  of  high  temperature  the  pressure  and  density  de- 
clined more  slowly  with  height  than  where  the  temperature  was  low. 

In  regions  where  the  atmospheric  temperature  was  constant  or  nearly 
so,  each  separate  atmospheric  gas  individually  followed  laws  like  (1)  and 
(2)  with  the  average  molecular  mass  M in  (3)  replaced  by  the  molecular 
mass  of  the  individual  gas.  Thus,  the  corresponding  scale  height  H varied 
inversely  as  the  molecular  mass  of  the  gas,  and  a heavy  gas  like  carbon 
dioxide  fell  off  in  density  much  more  rapidly  than  nitrogen,  oxygen  slightly 
faster  than  nitrogen,  and  light  gases  like  helium  much  more  slowly.  As  a 
result  the  lighter  gases  appeared  to  diffuse  upward,  while  the  heavier  gases 
settled  out.  Such  considerations  led  one  to  suppose  that  at  the  highest  alti- 
tudes, hundreds  or  thousands  of  kilometers  above  the  ground,  the  lighter 
gases  predominated  in  the  atmosphere.  The  outermost  regions  were  ex- 
pected to  consist  of  hydrogen  or  helium  primarily,  although  no  experi- 
mental evidence  confirmed  the  supposition. 

Starting  at  the  ground,  atmospheric  temperature  fell  at  a rate  of  about 
6 K.  per  km  throughout  the  troposphere  (or  "weathersphere”)  to  a value  of 
around  220  K at  the  tropopause,  or  top  of  the  troposphere,  which  was 
found  at  10  to  14  km.  the  lower  height  corresponding  to  higher  latitudes, 
the  greater  height  to  the  tropics.  Above  the  tropopause  the  temperature 
remained  fairly  constant  to  about  35  km.  A slight  increase  in  the  propor- 
tion of  helium  in  the  air  above  20  km  suggested  some  tendency  toward 
diffusive  separation,  which  at  one  time  led  researchers  to  expect  that  the 
region  above  the  tropopause  would  exhibit  a layered  structure — hence  the 
name  stratosphere  for  this  quasi-isothermal  region. 

Above  the  stratosphere,  temperature  rose  again,  as  shown  by  the  fact 
that  the  sound  from  cannon  fire  and  large  explosions  was  reflected  from 
these  levels  of  the  upper  atmosphere.  Observations  on  this  anomalous  prop- 
agation of  sound  waves  permitted  one  to  estimate  that  the  air  temperature 
was  about  370  K at  55  km  height.  Noctilucent  clouds  between  70  and  90 
km  suggested  a low  temperature  in  the  vicinity  of  80  km.  These  extremely 
tenuous  clouds  were  seen  only  in  high  latitudes  and  only  when  illumi- 
nated by  the  slanting  rays  from  the  sun  below  the  horizon.  With  the  as- 
sumption that  the  clouds  were  composed  of  ice  crystals,  the  temperature 
around  80  km  was  estimated  to  be  about  160  K.  The  study  of  meteors, 
investigation  of  the  electrical  properties  of  the  high  atmosphere  by  radio 
techniques,  and  obsei  .ations  of  the  auroras  showed  that  temperatures  rose 
again  above  80  km  to  300  K at  100  km,  and  to  1000  K or  possibly  1500  K at 
300  km,  with  much  higher  temperatures  beyond.  Calculations  from  auroral 
observations  were,  however,  not  always  consistent  with  this  picture,  often 
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indicating  considerably  lower  temperatures  than  those  deduced  from  radio 
observations. 

Atmospheric  composition  near  the  ground  was  km.  to  be: 


(percentage  by  volume) 


Nitrogen  

Oxygen  

Argon  

Carbon  dioxide 

Neon 

Helium  

Krypton 

Xenon  

Czone  

Radon  (average  near  ground) 
Hydrogen  


>99.9 


. 78.08*) 
.20.95  I 
. 0.93  1 
. 0.03 J 
. 1.8  X10-3 
. 5X10-* 

. 1 X io-< 


1 X 1^* 

Variable.  > 1 X 1(H 
6 X 10",s 

Doubtful,  < 1 X 10“5 


Meteorological  processes  kept  the  atmosphere  mixed,  maintaining  this 
composition  at  least  up  to  20  km.  Between  20  and  25  km,  heliun  increased 
about  3 percent  above  the  normal  value,  but  winds  nd  turbulence  kept  the 
atmosphere  well  mixed  far  aluve  stratospheric  he  ^hts,  up  to  at  least  80 
km.7 

In  the  absence  of  od  er  agents,  this  stirring  should  have  kept  the  com- 
position fairly  uniform  throughout  the  mixing  regions.  But  solar  ultra- 
violet radia*;on  in  the  region  from  1925  A to  1760  A,  absorbed  in  atmos- 
pheric oxygen  above  the  stratosphere,  gave  rise  to  a chain  of  reactions 
leading  to  the  formation  of  o zone.  Simultaneously  solar  ultraviolet  in  the 
neighborhood  of  2550  A decomposed  atmospheric  ozone.  An  equilibrium 
between  the  formation  and  destruction  of  ozone,  combined  with  atmos- 
pheric motions,  distributed  the  gas  so  that  in  temperate  latitudes  it  showed 
a maximum  absolute  concentration  at  about  25  km  height,  and  a maxi- 
mum percentage  concentration  at  about  35  km.  A1  ugh  never  more  than 
the  equivalent  of  a few  millimeters  at  normal  ter  ^erature  and  pressure, 
the  ozone  layer  shielded  the  ground  from  lethal  ultraviolet  rays  from  the 
sun.  Ozone  concentrations  were  observed  to  he  higher  in  the  polar  regions 
than  in  the  tropics,  and  tended  to  correlate  w ith  cvclonic  weather  patterns. 

Above  80  km,  solar  ultraviolet  dissociated  molecular  oxygen,  the  disso- 
ciation becoming  fairly  complete  by  about  130  km.  Thus  the  region  from 
80  to  130  km  appeared  as  one  of  transition  from  an  atmosphere  consisting 
of  mostly  molecular  nitrogen  and  molecular  oxygen,  to  one  of  molecular 
nitrogen  and  atomic  oxygen.  It  was  assumed  that  above  100  km  diffusive 
separation  of  the  atmospheric  gases  became  increasingly  effective,  and  that 
the  dissociation  of  oxygen  enhanced  the  tendency  of  nitrogen  to  settle  out 
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and  the  oxygen  to  rise.  Whether  nitrogen  also  dissoriated  in  the  higher 
levels  was  not  known. 

In  the  upper  levels  of  the  atmosphere  was  the  ionosphere.  The  term 
was  used  in  two  different  ways,  either  to  mean  the  ionized  constituents  of 
the  high  atmosphere,  or  to  mean  the  regions  in  which  the  ionization  was 
found. 

An  ionosphere  was  postulated  by  Balfour  Stewart  in  1878  to  explain 
small  daily  variations  observed  in  the  earth's  magnetic  field.'  Later,  in  1902. 
A.  E.  Kennedy  in  America  and  O.  Heaviside  in  England  suggested  that  a 
conducting  layer  in  the  upper  atmosphere,  which  could  reflect  radio  waves 
beyond  the  horizon,  might  explain  how  Marconi  in  1901  had  sent  wireless 
signals  horn  Cornwall  to  Newfoundland.9  The  first  real  evidence  of  such 
an  ionosphere  wan  obtained  in  1925  when  E.  V.  Appleton  and  M.  Barnett 
in  England  detected  sky  waves  coming  down  to  their  ret  < iver  after  being 
reflected  by  a high-altitude  layer.19  Additional  evidence  of  the  Kennelly- 
Heaviside  layer  came  from  experiments  by  G.  Breit  and  M.  A.  Tuve  in 
Americr. 11  these  experimenters  sent  a radio  pulse  upward,  and  observed 
two  or  mote  delayed  pubes  in  a receiver  a few  kilometers  away  from  the 
transmitter.  The  initial  received  pulse  was  assumed  to  be  from  the  direct  ray 
along  the  ground,  and  the  other  pulses  to  be  echoes  from  the  ionosphere. 
The  method  of  Breit  aiid  Tuve  became  the  basis  for  probing  the  iono- 
sphere. using  the  reflections  to  determine  the  heights  of  various  layers. 
Soohistkated  formulas  were  worked  out  to  explain  how  the  various  reflec- 
tions observed  were  generated  by  the  ionosphere.  From  these  formulas  and 
the  experimental  data,  theorists  could  estimate  layer  heights,  election  den- 
sities, magnetic  field  intensities,  collision  frequencies  of  the  electrons  and 
atmospheric  particles,  and  reflection  and  absorption  coefficients  for  the  ion- 
ized media.17 

The  ionization  was  assumed  to  be  caused  by  solar  radiations,  and  ultra- 
violet was  taken  to  be  the  most  likely  agent.  Sydney  Chapman  showed  how 
a monochromatic  beam  of  ultraviolet  light  would  generate  a parabolic  dis- 
tribution. jf  electron  concentrations  in  an  exponential  atmosphere  of  mole- 
cules (like  oxygen)  susceptible  to  ionization  by  the  radiation  (fig.  k).is  Start- 
ing with  this  basic  theory  and  considering  the  effect  of  the  various  solar 
wavelength  regions  likely  to  influence  the  upper  atmosphere  it  was  possi- 
ble to  estimate  the  variation  with  height  of  electron  intensities  and  to  make 
some  guesses  as  to  what  the  heavier  ions  might  he. 

From  both  radio  observations  and  theorv.  scientists  concluded  that  the 
ionosphere  had  two  main  regions  of  ionization,  region  E,  centering  on  1 10 
km,  and  region  F}  centering  on  275  km.  The  ionosphere  was  found  to  vary 
with  time  of  day.  season  of  the  year,  and  phase  of  the  sunspot  cycle.  For 
regions  E,  a id  F,  halfway  between  the  minimum  and  maximum  of  solar 
activity,  the  average  ionization  intensities  corresponded  to  105  and  10*  elec 
irons  per  cc.  respectively.14  Mainly  during  the  daytime,  regions  E,  and  F, 
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formed  at  heights  of  140  km  and  200  km.  Region  D,  at  some  uncertain 
distance  below  the  E region,  was  observed  at  times  of  high  solar  activity, 
and  presumably  because  of  the  increased  molecular  collision  frequency  at 
those  lower  altitudes  caused  pronounced  absorption  of  radio  signals  of 
medium  wavelength. 

At  great  distances  from  the  earth,  the  earth's  magnetic  field  was  taken 
to  be  essentially  that  of  a uniformly  magnetized  sphere;  Le.,  a magnetic 
dipole  (fig.  •<  Closer  in,  the  fidd  was  observed  to  depart  somewhat  from 
that  of  a dipt  le,  consisting  of  the  dipole,  or  regular,  pan.  and  an  irregular 
pan.  Some  94  percent  of  the  earth’s  fidd,  including  some  of  the  irregular 
fidd,  was  found  to  have  its  origin  inside  the  eani  Of  the  remaining  6 
percent  of  external  origin,  about  half  appeared  to  be  caused  by  a flow  of 
electric  current  between  the  atmosphere  and  the  earth.  The  remainder, 
about  3 percent  of  the  total  field,  appeared  to  be  due  to  overhead  electric 
currents. 15 

Such  electric  currents  could  be  produced  by  atmospheric  motions  at 
high  altitude  caused  by  solar  or  lunar  tides,  or  by  nonuniform  heating  of 
the  atmosphere  by  the  sun  as  the  earth  turned.  While  these  more  or  less 
regular  daily  variations  could  easily  be  accounted  for  by  electric  currents  in 
the  ionosphere,  magnetic  storms  which  occurred  at  times  of  solar  activity 
were  more  likely  associated  with  streams  of  charged  particles  from  the  sun. 
The  initial  increase  in  magnetic  fidd  observed  during  a storm  could  be 
explained  by  the  arrival  of  charged  particles  from  the  sun.  which  com- 
pressed the  earth’s  magnetic  field  slightly  and  thereby  increased  its  value 
temporarily.  The  strong  decline  in  intensity  to  below  normal  values  which 
soon  followed  the  initial  phase  might  be  caused  by  a huge  ring  current 
around  the  earth,  fed  by  the  panicle  stream  from  the  sun.  as  suggested  by 
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Figure  2.  Chapmen  layer.  The  para- 
bolic distribution  was  estimated  to  be 
within  5 percent  of  the  actual  distribu- 
tion of  charge  densities  to  a distance 
of  one  .-tcale  height  H < - kT  mg) 
above  and  below  the  leiel  of  maxi- 
mum ionization. 
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Figure  ?.  Earth’s  magnetic  field . The 
broken  Itnes  depict  the  lines  parallel 
to  the  direction  of  magnetic  force.  As 
became  increasingly  clear  om  the 
years , the  actual  magnetic  field  of  the 
earth  differs  considerably  from  this 
idealized  picture  of  a dipole  field. 

Chapman,  Ferraro,  and  others.  Then  the  gradual  recovery  from  this  “main 
phase”  of  the  magnetic  storm,  as  it  was  called,  signified  the  gradual  dissi- 
pation of  the  ring  current  and  a return  to  norma*  conditions — or  so  it  was 
thought. 

Among  the  most  notable  of  high-altitude  phenomena,  and  among  the 
earliest  to  b:  studied  in  detail,  were  the  auroras,  the  northern  and  southern 
lights.  These  were  seen  most  frequently  at  heights  from  90  to  120  km,  but 
also  occurred  at  both  lower  ami  much  greater  heights.  That  the  auroras 
correlated  strongly  with  activity  on  the  sun  ami  appeared  in  an  auroral  belt 
at  high  latitude  suggested  that  they  must  be  due  to  charged  panicles  from 
the  sun.  Charged  panicles  would  be  steered  by  the  earth’s  magnetic  field, 
whereas  neutral  panicles  or  solar  photons  would  not  be  affected  by  the 
earth's  field.  Experimenting  with  cathode  rays  and  small  magnetized 
spheres.  K.  Birkeland  in  1898  and  others  demonstrated  how  electrified  par- 
ticles approaching  a magnetized  sphere  from  a distance  would  be  guided 
by*  the  magnetic  field  toward  the  poles.  Starting  from  Birkeland's  concepts 
and  experiments,  over  many  years  Carl  Sumner  developed  a theory  of  how 
electrons  or  protons  from  the  sun  would  be  deflected  by  the  earth’s  mag- 
netic field  into  the  auroral  zones  tc  produce  the  auroras  as  the  particles 
impacted  on  the  atmospheric  molecules,  causing  them  to  glow.1*  The  spec- 
trum of  the  aurora  was  observed  to  exhibit  primarily  lines  and  bands  of 
atomic  oxygen  and  molecular  nitrogen,  with  the  forbidden  green  lines  of 
atomic  oxygen  at  5377  A being  particularly  strong. 

At  nighttime  the  high  atmosphere  was  seen  to  emit  a very  faint  light, 
sometimes  called  the  permanent  aurora,  also  consisting  of  the  forbidden 
lines  of  atomic  oxygen  and  of  bands  of  the  nitrogen  molecule.  This  air- 


/ 

/ 


/ 

/ 


N - North  geographic  pole 
S = South  geographic  pole 
M = Magnetic  axis 


65 


Emily  Harvest 


glow  was  estimated  to  come  from  well  above  100  km,  perhaps  from  as  high 
as  400  to  500  km,  very  likely  from  F -region  ions  as  they  were  neutralized 
during  the  night.  The  yellow  sodium  D lines  were  also  seen  emanating 
from  the  lower  part  of  the  E region,  and  were  particularly  intense  at  twi- 
light. From  a distant  cloud  of  material  particles  of  some  sort,  the  zodiacal 
light,  with  a spectrum  similar  to  that  of  the  sun,  contributed  to  the  light  of 
the  night  sky.  In  the  mid- 1 940s  it  was  not  known  whether  this  radiation 
came  from  within  the  high  atmosphere  or  from  interplanetary'  space. 

At  some  height,  probably  around  800  or  1000  km,  the  atmosphere  was 
expected  to  cease  acting  like  a normal  gas.  In  this  region  collisions  between 
atmospheric  particles  would  be  infrequent,  and  a molecule  might  rise 
along  an  elliptic  orbit  to  an  apogee  and  fall  back  without  colliding  with 
another  molecule  until  returning  to  the  denser  atmosphere  at  lower  alti- 
tudes. If  the  molecule  had  sufficient  velocity  it  might  even  escape  into  inter- 
planetary' space.  Indeed,  it  was  loosed  that  hydrogen  and  helium  had  to 
be  escaping  continuously  throe f i this  fringe  region,  even  though  neither 
had  been  detected  in  the  upper  atmosphere.  Helium  was  known  to  be  enter- 
ing the  atmosphere  from  the  ground — where  it  was  produced  by  the  decay 
of  radioactive  elements— at  a small  but  measurable  rate;  but  the  percentage 
of  helium  in  the  lower  atmosphere  remained  constant  over  time.  The  natu- 
ral conclusion  was  that  this  light  gas  had  to  be  diffusing  up  through  the 
atmosphere  to  the  highest  levels  where  the  very  high  temperature  per- 
mitted a ready  escape  of  the  gas. 

Somewhere  in  this  fringe  region,  or  exosphere*  the  transition  from  the 
earth's  atmosphere  to  the  medium  of  interplanetary  space  was  assumed  to 
lie.  One  was  hard  put  to  it  to  define  the  boundary  . Presumably  when1  the 
atmospheric  density  had  dropped  to  the  few  particles  per  cubic  centimeter 
expected  in  interplanetary  space  the  boundary  must  already  have  been 
crossed.  But  long  before  then  the  atmosphere  had  ceased  to  exist  in  the 
usual  sense  of  the  term.  Across  this  ill-defined  interface,  radiations  from 
the  sun  entered  the  earth's  environs  to  cause  the  auroras,  magnetic  storms, 
ionization,  and  heating  of  the  atmosphere. 

Across  this  interlace  also  came  the  cosmic  rays.1"  These  highly  ener- 
getic particles  from  outer  space  were  more  the  concern  of  the  high-energy 
physicist  than  of  the  geophysicist.  Discovered  between  1911  and  1911  from 
balloon  experiments  on  atmospheric  ionization,  cosmic  rays  quickly  be- 
came a subject  of  intense  interest.  It  was  soon  accepted  that  the  rays  came 
from  outside  the  earth.  Measurements  of  the  ionizing  power  of  the  rays  at 
various  depths  below*  the  surfaces  of  mountain  lakes  repealed  both  a soft 
component  and  a hard,  or  extremely  penetrating,  component  to  the  rays. 
Balloon  experiments  showed  that  the  intensity  of  the  radiation  increased 
steadily  with  altitude  until  a maximum— called  the  Pfotzer  maximum — 
was  reached  at  about  20  km  in  mid-lititudes.  The  shape  of  these  intensity- 
altitude  curves  is  shown  in  figure  4a. figure  4b  shows  schematically  that 
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Sea  a—  Depth  below  Top  Top  of  — Depth  mto  Atmosphere 

Level  of  Atmosphere  Atmo^here 

Figure  4(ai.  at  left . Cosmic  rays  at  high  geomagnetic  latitudes . Figure  ^4/,  at 
right.  Geomagnetic  effect  on  cosmic  rays . ^ schematic  drawing  showing  hou\ 
according  to  experimental  measurements,  cosmic  ray  intensities  i*ary  with  geo- 
magnetic latitude.  See  Bowen , Millikan,  and  Seher  in  Phvskal  Review  5?  (1938k 

the  earth’s  magnetic  field  has  a distinct  effect  upon  the  radiation,  leading 
to  the  conclusion  that  the  rays  are  charged  particles,  not  photons. 

The  shape  of  the  intensity-altitude  curve  was  explained  as  follows.  The 
primary  rays,  whatever  they  might  be.  upon  striking  the  atmosphere  pro- 
duced d shower  of  secondary  rays,  which,  adoed  to  the  primary'  rays,  caused 
the  initial  increase  in  total  ionization  observed  at  high  altitude.  Eventually, 
however,  an  equilibrium  was  reached,  with  the  atmosphere  absorbing 
enough  energy  from  both  the  primary'  and  secondary  particles  to  decree m* 
the  total  ionizing  power  with  further  depth  into  the  atmosphere.  Such  a 
transition  curve,  as  it  was  called,  would  be  observed  not  only  in  air,  but 
also  in  lead  or  other  substances,  the  principal  difference  being  the  spatial 
extent  of  the  transitions,  w hich  defended  on  the  density  and  nature  of  the 
material. 

The  early  idea  that  the  primary  cosmic  rays  might  be  high-energy  elec- 
tions rva?  soon  rejected.  It  could  be  shown  that  to  penetrate  the  entire 
atmosphere  and  reach  the  ground,  electron  showers  would  have  to  be 
caused  by  primary  electrons  with  such  high  energy  that  they  would  be 
completely  unhindered  by  the  earth’s  magnet u field.  They  would  accord- 
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ingly  not  exhibit  the  magnetic  field  effect  already  shown  to  exist  In  1938 
T.  H.  Johnson  concluded  that  the  primary  radiation  consisted  of  protons, 
as  theorists  had  guessed  somewhat  earlier.  In  1941  balloon  observations 
revealed  that  the  cosmic  rays  within  the  atmosphere  at  high  altitude  were 
mostly  mesotrons  (mesons),  presumably  generated  by  the  primary  protons.1* 
No  significant  component  of  electrons  was  observed  at  high  altitude,  sup- 
porting the  conclusion  that  there  could  be  no  significant  component  of 
electrons  in  the  primary  radiation.  But  the  soft  component  observed  near 
the  ground  was  believed  to  be  electrons,  decay  products  of  the  mesons  gen- 
erated at  high  altitude. 

Problems  to  Solve 

Thus,  the  scientific  paradigm  for  the  earth’s  upper  atmosphere  in  the 
uud- 1940s  was  rich  in  ideas  accumulated  over  more  than  half  a century  of 
observation  and  theoretical  study.  It  had  been  possible  to  explain  to  a con- 
siderable degree  a wide  range  of  phenomena,  many  of  which  proved  to  be 
extraordinarily  complex;  but  many  uncertainties,  unanswered  questions, 
and  problems  remained. 

Consider  the  problem  of  estimating  atmospheric  densities  in  the  E 
region  of  tV  ionosphere  around  100-km  altitude.  In  the  1920s  F.  A.  Linde- 
mann  and  G.  M.  B.  Dobson  approached  this  problem  by  using  observa- 
tional data  on  the  heights  of  appearance  and  disappearance  of  visual  mete- 
ors. Intuitively  it  seemed  reasonable  that  the  density  of  the  gas  traversed  by 
a speeding  meteor  should  play  a role  in  determining  where  the  meteor 
would  glow  and  be  visible.  The  challenge  was  to  develop  a suitable  theory 
to  relate  the  observed  meteor  trails  to  the  atmospheric  density.  Lindemann 
and  Dobson  assumed  that  as  the  meteor  rushed  into  the  atmosphere,  a hot 
gas  cap  formed  because  of  compression  of  the  air.  Heat  from  the  gas  cap  was 
tr.  osferred  to  the  meteor,  and  if  the  object  were  small  enough  it  became 
incandescent.  M iking  a number  of  assumptions  about  how  heat  was  trans- 
ferred from  the  gas  cap  to  the  meteor  and  using  kinetic  theory.  Lindemann 
and  Dobson  deriv'd  expressions  for  pm,  the  density  of  the  atmosphere  at  the 
height  of  appearance,  and  pd,  the  density  at  the  height  of  disappearance  of 
the  meteor.  The  equations  are  reproduced  here  to  emphasize  the  large  num- 
ber of  quantities  involved,  uncertainties  in  which  could  cause  errors  in  the 
derived  atmospheric  densities. 

16  pms  Tt  r cos  x gM0 

P*  s'  ki?  ' RT0 

and 

24  r tAh  g\L 
i\  - f 2 vL 


(4) 

(5) 
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where 

Pm  = density  of  the  meteor 

s = specific  heat  of  the  meteoric  material 

Tt  = temperature  of  the  surface  of  the  meteor 

r = radius  of  the  meteor 

X s angle  of  the  meteor  path  to  the  vertical 

g = acceleration  of  gravity 

M0  = molecular  weight  of  the  air 

* = (r,-r2)  Sr  - calculated  efficiency  factor  of  heating 

F,  = velocity  erf  the  compressed  gas  molecules  in  front  of  the  meteor 
F2  = velocity  of  the  gas  molecules  at  the  temperature  of  the  meteoric 
surface 

£ = latent  heat  of  vaporization  of  meteoric  material 

v ~ velocity  of  the  meteor,  assumed  constant 
R ~ universal  gas  constant 

T0  = temperature  of  the  atmosphere,  assumed  isothermal  throughout  the 
range  of  consideration 
L ~ total  length  of  the  meteor  trail 
A/t  = projection  of  L on  the  vertical.20 

From  the  apparent  brightness  of  the  meteor  the  rate  at  which  energy 
was  being  emitted  could  be  calculated,  which  multiplied  by  the  lime  of 
visibility  gave  the  total  amount  of  energy  radiated.  Setting  this  equal  to  the 
kinetic  energy  Smv2  yielded  the  mass  m of  the  meteor.  If  one  then  assumed 
that  the  meteor  was  iron  and  essentially  spherical,  one  got  from  the  ex- 
pression 


mass  = density  times  volume 

m ~ Pm  - 3)  (6) 

which  gave  the  radius  r.  The  other  quantities  in  the  expressions  for  the 
atmospheric  density  could  be  either  measured  directly  or  estimated  from 
plausible  assumptions,  thereby  giving  densities  at  two  altitudes,  that  of 
appearance  and  that  of  disappearance. 

The  chain  of  reasoning  was  lengthy,  with  many  assumptions.  The  re- 
sults obtained  by  the  investigators  immediately  put  some  of  the  assump- 
tions into  question.  For  example,  u;e  air  densities  obtained  proved  three 
times  too  high  to  correspond  to  an  isothermal  atmosphere  at  the  strato- 
spheric temperature  of  220  K,  requiring  instead  temperatures  around  300  K. 
Between  the  stratosphere  and  the  E region  of  the  ionosphere,  then,  there 
had  to  be  a significant  variation  in  temperature.  Moreover,  other  observa- 
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tions  indicated  that  it  was  not  even  likely  that  the  temperature  would  be 
constant  in  the  E region.  Experiments  with  the  anomalous  propagation  of 
sound  mentioned  eaiiier  showed  that  atmospheric  temperatures  rose 
markedly  between  SO  and  55  km  to  between  336  K and  350  K at  the  latter 
altitude.  Noctilucent  clouds,  on  the  other  hand,  strongly  suggested  very 
low  temperatures  at  80  km.!l  The  conclusion  was  forced,  then,  that  the 
atmosphere  was  not  isothermal,  having  temperatures  which  rose  sharply 
above  the  stratosphere  to  somewhere  at  or  above  55  km,  fell  again  to  very 
low  values  around  80  km,  and  then  rose  once  more  between  80  and  100  km. 

Disagreements  also  arose  over  how  the  meteors  became  incandescent. 
One  investigator  objerted  to  the  idea  of  a gas  cap,  preferring  to  assume  that 
the  meteor  was  heated  by  direct  impact  with  the  air  molecules.52  In  the  early 
1940s  Fred  Whipple  obtained  vers  accurate  photographic  records  of  meteor 
trails  from  which  he  could  deduce  decelerations.  He  developed  an  elaborate 
theory  of  how  the  properties  of  the  upper  atmospheric  gases,  the  decelera- 
tion of  the  observed  meteor  and  its  heating  to  vaporization  and  incandes- 
cence. and  its  physical  properties  were  all  interrelated.  Then,  making  some 
suppositions  about  properties  of  the  incoming  meteors  and  measuring  de- 
celeration and  luminosity  from  the  photographs.  Whipple  finally  deduced 
the  densities  of  the  atmosphere  along  the  trail.23  Again  there  were  assump- 
tions and  corresponding  uncertainties  in  the  results. 

For  the  ionosphericist  the  theoretical  maze  was  even  more  complicated. 
The  prober's  principal  tool  was  the  radio  wave.  A signal  sent  into  the 
ionosphere  would  be  bent  by  the  ionized  medium,  and  if  the  charge  density 
were  great  enough  would  be  reflected  downward  again.  For  a simple  layer 
in  which  the  strata  of  equal  ionization  were  horizontal,  the  condition  for 
total  reflet  non  of  a signal  propagated  vertically  was: 

(4 ir  .V“  r2)  mf?-  1 (7) 


where 

.V;  = value  of  the  electron  density  at  the  point  of  reflection 
e - the  electronic  charge 
m = mass  of  the  electron 
p = angular  frequency  of  the  radio  signal. 24 

Thus,  a radio  signal  of  low  enough  frequency  sent  into  the  ionosphere 
would  continue  upward  until  it  reached  a level  at  which  the  electron  den- 
sity was  great  enough  to  satisfy  equation  (7).  At  that  point  the  wave  would 
be  reflected,  returning  to  the  ground  after  a delay  corresponding  to  its  flight 
along  the  upward  and  downward  paths.  As  the  wave  frequency  was  in- 
creased. the  wave  would  penetrate  farther  into  the  layer  before  being  re- 
flected, and  the  delay  in  the  ionosphere  would  be  increased.  If  the  layer  had 
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a maximum  electron  density,  when  the  signal  frequency  exceeded  the  value 
(called  the  critical  frequency)  for  which  that  maximum  charge  density 
would  produce  total  reflection,  then  the  wave  passed  through  the  layer  and 
no  return  was  observed  at  the  ground. 

By  sweeping  the  signal  frequency  from  low  vahies  to  higher  ones,  one 
could  generate  a record  of  signal  returns  which  could  be  displayed  as 
shown  in  figure  5,  curve  E.  The  critical  frequency  could  be  read  from  the 
figure,  from  which  the  charge  density  at  the  point  of  reflection  could  then 
be  calculated,  using  equation  (7).  With  a little  additional  calculation,  the 
height  of  the  point  of  reflection  could  also  be  estimated,  showing  where 
the  reflecting  layer  existed. 

If,  in  the  charge  density,  other  maxima  lay  above  and  exceeded  the 
initial  maximum,  then  as  the  wave  frequencies  were  increased  new  reflec- 
tions would  be  observed,  corresponding  to  the  higher-altitude,  more  in- 
tensely ionized  layers,  as  shown  in  curve  F of  figure  5.  From  the  critical 
frequencies  for  these  higher  layers,  estimates  could  be  derived  for  the 
chaise  densities  and  heights  of  the  upper  layers. 

By  using  an  appropriate  theory  like  that  of  Chapman  concerning  the 
formation  of  ionized  layers  by  solar  radiations  (fig.  j)f  one  could  then  esti- 
mate charge  densities  above  and  below  the  maxima  obtained  from  the  radio 
propagation  measurements,  and  thus  construct  a continuous  curve  of 
charge  densities  versus  altitude. 

The  concept  w*as  simple,  but  enormous  complications  entered  when 
all  the  pertinent  factors  were  considered.  First,  the  ionosphere  was  by  no 
means  as  simple  as  assumed  In  the  foregoing  example,  and  at  times  the 
propagation  measurements  indicated  gross  inhomogeneities.  Moreover,  one 
had  to  take  into  account  the  earth's  magnetic  field,  collision  frequencies 
among  the  particles  in  the  ionosphere,  and  the  fact  that  the  ionization 
consisted  not  only  of  electrons  but  also  of  both  positive  and  negative  ions. 
The  earth's  magnetic  field  produced  double  refraction  of  the  radio  signals 
used  to  probe  the  ionosphere,  splitting  the  signal  into  wha*  were  called 
ordinary  and  extraordinary  rays,  wrhich  followed  different  paths,  had  dif- 
ferent points  of  reflection  and  different  delay  time^  and  were  differently 
polarized — that  is,  the  electric  vectors  of  the  two  rays  vibr?ted  in  different 
planes.  When  there  were  several  ionospheric  layers  to  deal  with,  and  par- 
ticularly under  disturbed  conditions,  the  problem  of  identifying  properly 
the  various  -eturn  signals  co  dd  oecome  next  to  impossible.  In  addition, 
when  the  signal  had  to  traverse  a region  in  which  the  collision  frequencies 
were  high,  as  in  a strong  D region  during  times  of  high  solar  acuvity,  the 
signal  c uld  be  greatly  attenuated  or  even  blanked  out.  Not  knowing  the 
ion3  in  the  ionosphere  simply  added  to  the  complication. 

The  mathematical  expression  of  how*  all  these  factors  affected  the  pro;* 
ag  ion  of  signals  though  the  ionosphere  was  far  more  complicated  than 
the  simple  expression  o*  equation  v7),  and  applying  it  to  the  determination 


72 


4001 


Frequency  of  Exploring  Wives 
(megahertz) 


Fig'xre  5.  Radio  wave  reflections 
from  the  ionosphere.  The  time 
required  for  a signal  to  go  to  the 
ionosphere  and  return  to  ground 
gives  a measure  of  the  reflecting 
layer's  height. 


of  charge  densities  in  the  ionosphere  put  great  demands  on  ingenuity  and 
insight.25 

These  two  examples  of  how  investigator,  restricted  to  working  with 
observations  obtained  at  or  near  the  ground  had  to  wrest  the  information 
they  sought  from  long  chains  of  supposition  and  theoretical  reasoning  il- 
lustrate the  sort  of  opportunity  that  befell  the  rocket  researchers,  who  ex- 
pected to  make  direct  measurements  in  situ.  Since  much,  even  most,  of 
what  went  on  in  the  upper  atmosphere  was  caused  directly  or  indirectly  by 
energy  from  the  sun,  a most  important  contribution  the  rocket  sounder 
could  make  was  to  measure  the  solar  spectrum  both  outside  the  apprecia- 
ble atmosphere  and  as  affected  by  altitude  within  the  atmosphere.  Know- 
ing the  former  would  let  the  theorist  know  what  wavelengths  and  intensi- 
ties were  generating  ionization,  various  photochemical  reactions,  and  ul- 
timately heating  in  the  atmosphere.  Knowing  the  latter  would  immediately 
tell  where  the  different  wavelengths  were  having  their  effect.  The  impor- 
tance Mitra  put  on  this  vital  information  is  seen  in  his  assertion  that  "the 
greatest  obstacle  in  the  study  of  the  upper  atmosphere,  is  undoubtedly  the 
lack  of  our  direct  and  precise  knowledge  of  the  energy  distribution  in  the 
near  and  extreme  ultraviolet  radiation  of  the  sun.  For,  conditions  in  the 
high  atmosphere  are  almost  entirely  controlled  by  the  sun.’*** 

Many  data  the  sounding  rocket  could  obtain  apparently  could  be  ob- 
tained in  no  other  way.  In  addition,  many  quantities  that  could  be  esti- 
mated from  ground-based  studies  contained  serious  uncertainties  which 
could  be  removed  or  lessened  by  rocket  measurements.  These  circumstances 
made  it  possible  for  a number  of  young  rocket  experimenters  in  short  order 
to  compete  respectably  in  upper-atmosphere  research  against  much  more 
knowledgeable  scientists  of  many  years’  experience.  The  ways  in  which 
newcomers  could  contribute  may  be  illustrated  by  listing  some  of  the  prob- 
lems that  in  the  mui-1940s  still  awaited  solution.27 
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Diurnal,  seasonal,  and  other  temporal  variations  in  atmospheric  pres- 
sure, temperature,  and  density  were  needed. 

A correct  description  of  atmospheric  composition  at  all  altitudes  would 
be  invaluable.  One  could  determine  the  distribution  of  ozone  in  the  upper 
stratosphere  and  middle  atmosphere  and  find  the  level  at  which  most  of 
the  ozone  was  formed.  Knowing  the  composition  would  also  allow  one  to 
know  definitely  to  what  altitudes  the  atmosphere  was  completely  or  nearly 
completely  mixed,  and  at  what  altitudes  diffusive  separation  played  an  im- 
portant role.  In  particular  one  would  want  to  know  where  oxygen  began 
to  dissociate  into  atomic  form  and  at  what  altitude  the  dissociation  had 
become  complete,  and  whether  at  some  altitudes  nitrogen  also  dissociated. 
At  what  level  would  lighter  gases  like  helium  become  an  appreciable  or 
even  dominant  component  of  the  air? 

With  respect  to  the  ionosphere,  radio  sounding  could  not  determine 
the  ionization  intensities  in  a region  lying  above  one  of  higher  charge 
density.  One  had  to  rely  on  theory  to  try  to  fill  in  the  missing  information. 
But  in  situ  measurements  might  remove  this  lack.  Moreover,  if  the  precise 
nature  and  concentrations  of  both  the  positive  and  negative  ions  could  be 
determined,  a better  understanding  could  be  developed  of  how  the  balance 
between  those  agents  creating  the  ionosphere  and  those  tending  to  destroy 
it  was  established.  One  would  then  be  in  a better  position  to  determine  the 
specific  causes  of  the  temporal  and  geographic  variations  in  the  various 
ionospheric  layers. 

There  was  little  doubt  that  excitation,  dissociation,  and  ionization  of 
atmospheric  constituents,  as  well  as  various  energy  transfer  and  recombina- 
tion processes,  were  responsible  for  the  night  sky  radiations;  but  there  were 
various  possibilities  among  which  to  choose.  Moreover,  there  were  gross 
uncertainties  in  the  altitudes  from  which  many  of  the  radiations  were 
thought  to  arise.  Again  in  situ  measurements  should  help  to  resolve  the 
difficulties,  not  only  by  pinning  down  altitudes,  but  also  by  providing 
additional  insight  into  the  recombination  coefficients  and  other  fundamen- 
tal parameters  involved. 

As  for  magnetic  field  effects,  a prime  target  would  be  to  locate  the 
c'ectric  currents  that  were  responsible.  One  would  hope,  too,  to  be  able  to 
tect  and  identify  the  particles  that  caused  the  auroras. 

With  regard  to  cosmic  rays,  the  precise  composition  of  the  primary' 
radiation  needed  to  be  determined:  for  this  purpose,  measurements  in  outer 
space  well  above  the  atmosphere  of  the  earth  should  be  useful.  Additional 
information  on  the  effect  of  the  earth's  magnetic  field  upon  the  cosmic  rays 
would  be  interesting,  but  more  fundamental  would  be  data  on  whether  the 
radiation  was  isotropic  or  anisotropic  in  free  space.  An  intriguing  question 
was  how  many  of  the  cosmic  rays  coming  to  the  earth  were  from  the  sun 
and  how  many  were  from  outside  the  solar  system. 
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The  Harvest 

Such  were  the  problems  to  which  the  rocket  experimenters  addressed 
themselves.  Once  started,  the  results  of  their  research  flowed  in  a steady 
stream  into  the  literature,  contributing  to  a . growing  understanding  of 
upper  atmospheric  phenomena.  A concise  summary  of  some  of  the  more 
important  results  from  the  first  dozen  years  of  high-altitude  rocket  sound- 
ing appears  in  the  author’s  book  Sounding  Rockets .**  A deeper,  more  de- 
tailed insight  into  what  had  been  achieved  may  be  had  from  volume  12  of 
the  Annak  of  the  International  Geophysical  Year .**  The  following  brief 
review  is  derived  from  these  and  other  sources. 

It  is  not  surprising  that  the  first  questions  taken  up  by  the  rocket  exper- 
imenters were  those  considered  the  most  significant  by  the  ground-based 
researchers.  Naval  Research  Laboratory  investigators  built  spectrographs 
and  sent  them  aloft  to  photograph  the  solar  spectrum  at  high  altitude.  On 
10  October  1946  Richard  Tousey  and  his  colleagues  obtained  the  first  pho- 
tographs of  solar  spectra  from  above  the  ozonosphere.50  This  event  marked 
the  beginning  of  many  years  of  intensive  research  on  the  structure  and 
energy  content  of  the  solar  spectrum  in  both  the  near  and  far  ultraviolet 
and  eventually  in  the  x-ray  region,  using  a variety  of  techniques  including 
spectrographs,  photon  counters,  and  photosensitive  phosphors.51  Experi- 
menters at  the  Applied  Physics  Laboratory  of  the  Johns  Hopkins  Univer- 
sity quickly  followed  up  the  NRL  achievement  with  spectrographic  exper- 
iments of  their  own,  obtaining  highly  detailed  spectrograms.52  In  March 
1947  the  Naval  Research  laboratory  workers  obtained  additional  spectra  at 
various  altitudes  reaching  to  75  km,  and  in  June  1949  more  spectrograms 
were  recorded.55  In  the  years  that  followed,  both  University  of  Colorado 
and  Navy  workers  developed  pointing  devices  to  keep  rocket-borne  spec- 
trographs aimed  at  the  sun,  and  with  these  obtained  more  detail  and  con- 
tinually extended  the  spectra  to  shorter  and  shorter  wavelengths.  Using 
the  pointing  control,  the  group  at  the  llniversity  of  Colorado  in  1952  flew 
a spectrograph  to  about  85  km.  In  addition  to  the  by  now  familiar  ultravi- 
olet spectrum  from  2800  A to  about  2000  A,  there  was  a strong  emission 
line  at  1216  A.  This  was  quickly  identified  with  » 'e  Lyman  alpha  line  of 
the  neutral  hydrogen  atom.54  Between  1952  and  1955  both  the  Naval  Re- 
search Laboratory  and  Air  Force  groups  confirmed  the  presence  of  other 
emission  lines  between  1000  A and  2000  A.  In  1958  the  llniversity  of  Colo- 
rado team  used  a specially  designed  spectrograph  to  photograph  the  solar 
spectrum  from  3000  A ail  the  way  to  84  A in  the  extreme  ultraviolet.55 
About  130  emission  lines  were  measured  and  their  intensities  roughly  esti- 
mated. The  resonance  line  of  ionized  helium  at  304  A was  found  to  be  very 
strong.  In  the  years  following,  the  Colorado  workers,  those  at  the  Naval 
Research  Laboratory,  and  a group  at  the  Air  Force  Cambridge  Research 


75 


Beyond  the  Atmosphere 


Center  in  Massachusetts  contributed  much  detail  on  the  solar  spectrum  in 
the  far  ultraviolet. 

As  had  been  anticipated,  the  ultraviolet  spectrum  of  the  sun,  which 
proved  to  be  very  complex,  did  not  correspond  to  a simple  black  body 
radiating  at  a 6000  K temperature  as  in  the  visible  part  of  the  spectrum. 
This  finding  was  dramatically  shown  in  a comparison  of  actual  intensities 
obtained  by  NRL  on  7 March  1947  with  the  6000  K blackbody  curve,  shown 
in  figure  6. 

On  5 August  1948  in  an  Aerobee  rocket  flight  to  96  km,  T.  R.  Bumight 
detected  what  appeared  to  be  x-rays  in  the  upper  atmosphere.  Bumight  did 
not  follow  up  on  his  discovery,  however,  and  it  was  left  to  others  to  pursue 
the  subject.5* 

These  data  on  the  solar  spectrum  below  the  atmospheric  cutoff  at  about 
2800A  supplied  theorists  with  much  of  the  missing  information  to  explain 
how  and  where  the  sun’s  radiation  produced  different  atmospheric  layers. 
The  workers  at  the  Naval  Research  Laboratory  and  the  Applied  Physics 
Laboratory  u$~d  observations  on  the  change  in  solar  ultraviolet  intensities 
with  altitude  to  determine  the  distribution  of  ozone  in  the  upper  atmos- 
phere.57 It  was  established  that  the  level  of  maximum  ozone  production  lay 
in  the  vicinity  of  50  km,  hence  that  the  higher  concentrations  of  ozone  at 
lower  altitudes  had  to  be  due  to  atmospheric  circulations. 

Solar  ultraviolet  could  be  tied  with  confidence  to  the  E region  of  the 
ionosphere.  The  intense  Lyman  alpha  radiation  of  the  neutral  hydrogen 
atom  penetrated  to  70  km  and  influenced  the  lower  E region  and  upper  D 
region  of  the  ionosphere.  But  x-rays  in  the  vicinity  of  2 A penetrated  deep 
into  the  D region  and  were  far  more  efficient  in  producing  ionization  in 
the  D layer  than  was  hydrogen  Lyman  alpha. 

Atmospheric  structure — th  it  is.  the  variation  of  pressure,  temperature, 
and  density  with  altitude — also  received  the  early  attention  of  the  rocket 
experimenters.55  Almost  every  flight  carried  gauges  to  measure  these  fun- 
damental parameters.  Signal  Corps  and  University  of  Michigan  groups 
adapted  anomalous  sound  propagation  techniques  to  the  rocket  by  sending 
explosive  grenades  aloft  to  be  set  off  at  high  altitude;  the  sound  waves 
could  be  used  to  determine  both  air  temperatures  and  winds  up  to  60  km 
or  higher.59  Those  measuring  x-ray  intensities  used  the  observed  absorp- 
tion of  x-rays  in  the  ionosphere  to  estimate  air  densities  there.40  As  a result 
of  many  rocket  observations,  in  the  early  1950s  the  Rocket  and  Satellite 
Research  Panel  was  able  to  issue  an  improved  estimate  of  upper-atmos- 
pheric structure  for  use  by  geophysicists.41  By  the  time  Sputnik  went  into 
orbit,  the  groundwork  had  been  laid  to  describe  the  structure  through  the  F 
region  of  the  ionosphere  and  to  give  a considerable  amount  of  information 
about  both  geographical  and  temporal  variations  of  these  quantities.42 

The  ionosphere  was  <:lso  receiving  immediate  attention  in  the  sound- 
ing rocket  program.  Among  the  early  experimenters,  J.  Carl  Seddon  under- 
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Figure  6 . Solar  spectrum . So/ar  in/crui/irs  above  the  ozonosphere  at  White 
Sands , New  Mexico.  Spectrum  of  7 March  1947 , replotled  on  a linear  intensify 
scale  relative  to  the  intensity  of  a black  body  at  6000  K.  Durand  et  al,  Astrophys- 
ical  Journal  109  (1949):  1-16.  illustration  courtesy  of  the  Astrophvsical  Journal, 
published  by  the  University  of  Chicago  Press , copyright  1949 , The  American 
Astronomical  Society.  All  rights  resewed. 


took  to  adapt  the  propagation  techniques  cl  the  ground-based  probers  to 
the  rocket.  He  used  the  influence  of  the  ionosphere  on  radio  signals  from 
the  flying  rocket  to  deduce  charge  densities  existing  in  the  atmosphere. 

The  phase  speed  cf  wavelength  A,  and  frequency  / of  a steady-state 
radio  signal  satisfy  the  equation 


c = \f,  (8) 

while  the  relation  between  c and  c0,  the  phase  velocity  in  free  space,  is 

c = c0nt  (9) 

where  n is  called  the  index  of  refraction  'f  the  medium  in  which  c i 
phase  velocity.  If  the  signal  source  is  in  motion  relative  to  the  observer,  a 
shift  in  frequency',  the  well  known  doppler  shift,  results: 

A/  = ~/(i>  c)  (10) 

= - fnvc0  (11) 

The  original  transmitted  frequency  could  be  careful1  fixed  in  an  experi- 
ment, A/  *nd  v could  be  measured,  and  r0  would  be  a known  constant.  Hence 
n cou!  J be  calculated.  Since  n depended  on  the  election  and  ion  concen- 
trations, their  collision  frequencies,  and  the  strength  and  direction  of  the 
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magnetic  field,  one  could  thus  get  an  equation  relating  the  very  quantities 
to  be  determined.41  Seddon  arranged  his  experiment  so  as  to  get  several 
such  equations,  which  could  be  solved  simultaneously  to  give  election  den- 
sities as  a function  of  height,  and  sometimes  some  of  the  other  quantities 
such  as  collision  frequencies. 

Although  transmitting  the  probing  signal  from  the  flying  rocket  was 
supposed  to  reduce  the  complexity,  many  of  the  difficulties  experienced  by 
the  ground-based  probers  remained.  Inhomogeneities  in  the  ionosphere, 
multiple  reflections  of  the  propagated  wave,  splitting  of  the  signal  into 
ordinary  and  extraordinary  rays,  and  not  knowing  the  identities  of  the 
ambient  ions  mack  the  reduction  and  interpretation  of  the  data  a challenge. 
Nevertheless,  Seddon  was  able  to  improve  upon  electron  density  curves 
obtained  from  the  ground  and  to  furnish  some  information  about  the  low- 
density  regions  that  had  been  hidden  from  the  probing  of  the  ground-based 
investigators.  Figure  7 shows  a curve  of  electron  density  changing  with 
altitude,  drawn  by  John  £.  Jackson  from  a composite  of  NRL  data  and 
measurements  by  other  groups. 

Other  experimenters  preferred  to  avt  id  the  problems  inherent  in  prop- 
agation experiments  by  using  various  kinds  of  ionization  gauges.  Even 
though  the  rocket  introduced  complications  of  its  own,  such  as  exuding 
gases  carried  from  the  ground  and  distorting  the  ambient  electric  field. 

Figure  7.  Ionospheric  charge  densities.  Summary  as  of  August  1958  of 
ionospheric  data  corresponding  to  summer  noon,  middle  latitudes,  and 
sunspot  maximum.  Courtesy  of  J.  E.  Jackson,  CSAGI  meeting,  Mos- 
cow, 1958. 
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such  gauge  measurements  were  felt  to  be  more  “direct”  than  those  obtained 
from  the  propagation  experiments.  Both  techniques  made  their  contribu- 
tions, with  the  result  that  ground-based  experimenters  were  provided  with 
a standard,  one  might  say.  against  which  they  could  calibrate  the  methods 
of  deducing  results  from  their  cheaper,  more  widespread  observations. 

Since  the  vexing  question  of  composition  continually  entered  into  dis- 
cussions of  the  upper  atmosphere,  particularly  special  regions  like  the  ion- 
osphere and  the  exosphere  or  binge  region  at  the  top  o*  the  atmosphere, 
investigators  soon  tackled  the  problem  of  identifying  atmospheric  constit- 
uents as  a function  of  altitude.  At  altitudes  up  to  the  bottom  of  the  E 
region,  workers  from  the  University  of  Michigan  tried  sampling  the  air  by 
opening  evacuated  glass  vials  or  steel  bottles  in  the  upper  atmosphere  and 
immediately  resealing  them  to  lock  in  the  sample  before  the  rocket  de- 
scended. It  was  tricky,  because  one  had  to  ensure  that  the  bottles  weren’t 
sampling  gases  carried  by  the  rocket  itself  and  also  that  the  sampling  pro- 
cedure was  not  somehow  altering  *he  composition  of  the  sample.  While 
these  experiments  provided  some  hints  of  diffusive  separation  of  helium 
over  limited  ranges  above  the  stratosphere,  by  ami  large  they  confirmed 
that  the  atmosphere  was  thoroughly  mixed,  up  to  the  E region.44 

The  most  powerful  technique  to  be  brought  to  bear  upon  the  problem 
of  atmospheric  composition  was  that  of  the  mass  spectrometer.45  This 
device  separates  out  the  atmospheric  particles  in  accordance  with  their 
molecular  masses — or,  more  properly,  in  accordance  with  the  ratios  of  these 
to  their  charges  in  the  ionized  state  in  wThich  they  are  fed  to  the  spectrom- 
eter’s analyzer.  While  there  can  be  some  ambiguity,  one  can  feel  consid- 
erable confidence  in  the  identifications  achieved.  With  such  an  instrument 
John  W.  Townsend,  Jr.,  and  his  colleagues  at  the  Naval  Research  Labora- 
tory produced  a considerable  amount  of  data  on  upper  atmospheric  com- 
position above  White  Sands,  New  Mexico,  and  over  Churchill,  Canada.44 
They  confirmed  that  there  was  little  diffusive  separation  below  100  km;  but 
above  120  km  separation  processes,  at  least  as  indicated  by  the  separation  of 
argon  relative  to  nitrogen,  became  quite  effective.  The  changeover  bom 
molecular  oxygen  to  atomic  oxygen  appeared  to  be  slower  than  had  been 
supposed.  Neutral  nitric  oxide,  NO,  was  shown  to  be  a negligible  constitu- 
ent of  the  E region  and  above,  since  its  presence  would  have  been  apparent 
in  a pronounced  absorption  in  the  ultraviolet.  No  such  absorption  was 
observed  in  rocket  solar  spectrograms.  On  the  other  hand,  NO+  turned  out 
to  be  a major  positive  ion  in  the  E region  of  the  ionosphere.  In  northern 
latitudes,  during  the  daytime  above  Fort  Churchill,  as  altitude  increased 
from  100  to  150  to  200  km  the  relative  abundances  of  positive  ions  changed 
from  (O*.  NO+)  to  <NO+,  O*.  0+)  to  (0+,  NO+,  O*).  In  the  United  States 
above  White  Sands  the  results  were  similar  except  that  the  nitric  oxide  ion 
NO+  was  the  predominant  ion  in  the  E region.  In  all  cases  0+  was  the 
predominant  positive  ion  above  250  km,  while  according  to  Soviet  data  N+ 
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was  never  more  than  about  7%  of  the  O*  for  altitudes  up  to  more  than  800 
km.  On  several  flights  the  negative  nitrogen  dioxide  NO.-  was  detected  in 
the  E region. 

Some  of  the  uncertainties  concerning  the  heights  of  emission  of  the 
night  airglow  were  removed  by  rocket  experiments.”  The  atomic  oxygen 
green  line  at  5577  A was  found  to  have  its  maximum  at  about  95  km.  to 
show  a sharp  lower  cutoff  at  90  km.  and  to  trail  off  at  120  km  on  the  upper 
side.  The  sodium  D lines  (5890  A - 5896  A)  came  primarily  from  the  region 
between  75  and  100  km.  peaking  at  about  90  km.  The  red  oxygen  lines 
(6300  A -6564  A)  came  from  above  163  km.  while  the  6257  A Meinel  hy- 
droxyl. OH.  band  was  emitted  in  the  legion  from  50  to  100  km. 

Although  some  measurements  were  made  of  the  earth’s  magnetic  field 
at  high  altitude  and  of  associated  current  flows.4*  this  aspect  of  the  high 
atmosphere  received  less  attention  during  the  first  decade  of  rocket  sound- 
ing than  it  would  later  when  satellites  became  available.  Cosmic  rays  were, 
however,  a matter  of  intense  interest  to  a few  researchers.  Of  the  many 
aspects  of  this  fascinating  subject  to  pursue,  two  topics  in  particular  stood 
out:  ( 1 ) What  was  the  cosmic  ray  intensity  above  the  atmosphere?  (2)  What 
was  the  composition  of  the  cosmic  rays?  James  A.  Van  Allen  tackled  these 
questions  in  a rather  straightforward  way.  By  sending  a single  geiger 
counter  into  the  upper  atmosphere,  he  was  able  to  trace  out  a counting  rate 
curve  that  rose  to  a Pfouer  maximum  at  a height  of  about  19  km,  above 
which  the  remaining  atmosphere  corresponded  to  about  56  g cm*  of  mate- 
rial (fig.  8).”  With  increasing  altitude  beyond  that  level  the  counting  rate 
declined  until  it  leveled  off  at  a constan:  rate  at  and  above  55  km.  After 
several  flights  Van  Allen  was  able  to  estimate  the  vertical  intensity  of  cos- 
mic rays  at  high  altitude  above  White  .sands  to  be  0.077  ± 0.005  particles 
per  ser-cm*-sier.*  close  to  the  value  that  workers  at  the  Naval  Research  Lab- 
oratory obtained.  With  rather  poor  statistics  the  xocket  experimenters  esti- 
mated that  the  primary  cosmic  rays  consisted  of  protons  and  alpha  particles 
in  the  ratio  of  about  5 to  1.  with  less  than  one  percent  heavier  nuclei.50 
These  figures  differed  somewhat  from  better  measures  being  obtained  from 
balloon  observations. 

The  energy  spectrum  of  the  cosmic  rays  had  suggested  a distinct  lower 
bound  for  the  cosmic  ray  particles.  Van  Allen  began  to  investigate  the 
lower  energy  end  of  the  cosmic  ray  spectrum.  He  sent  counters  aloft  at 
latitudes  ranging  from  the  geomagnetic  equator  to  the  polar  regions.  Dur- 
ing these  investigations.  Van  Allen  noted  a pronounced  increase  in  the 
numbers  of  soft  radiation  particles  encountered  above  the  stratosphere  in 
the  auroral  rone,  particles  that  were  not  found  at  either  lower  or  higher 
latitudes.5' 
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Figure  8.  Cosmic  rax  flux . Smoothed  composite  runr  of  Applied  Physics 
l.ahoratory  single-counter  counting  rates  aboie  White  Sands . New  Mexico , 
geomagnetic  latitude  4l°\.  Cwangnes . Jenkins . and  Van  Allen  in  Physical  Re- 
view 7*  57- courtesy  of  J . A.  Van  Allen  and  Physical  Review. 


SIGNIFICANCE 

The  foregoing  nontechnical  description  is  merely  illustrative.  A review 
of  a length  appropriate  to  this  book  cannot  cover  in  detail  12  years  of  work 
by  hundreds  of  scientists.  Nor  can  the  description  convey  to  the  reader  the 
many  subtleties  and  innumerable  interrelationships  with  which  both  ex- 
perimenters and  theorists  concerned  themselves.  Nevertheless,  brief  though 
it  is,  the  summary  shows  how*  the  rocket  sounding  work  contributed  to 
atmospheric  and  cosmic  ray  research. 

The  new  tool,  the  high-altitude  research  rocket,  had  indeed  made  it 
possible  to  obtain  data  hitherto  unobtainable  and  to  solve  problems  hitherto 
intractable — as  anticipated.  The  rocket  results  enabled  ground-based  ob- 
servers to  improve  their  techniques  and  to  obtain  better  results  from  their 
measurements — that  is,  to  calibrate  their  experiments.  Whereas  at  the  stall 
some  had  expressed  gTave  doubts  as  to  the  wisdom  of  using  rockets  for 
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high-altitude  research,  a decade  later  the  importance  of  the  sounding  rocket 
to  the  field  was  universally  tecognued.  It  is  natural,  then,  to  ask  whether 
sounding  rockets  had  revolutionized  the  field  of  upper  atmospheric  re- 
search. 

In  the  excitement  of  new  discoveries  amid  a continuing  flow  of  im- 
portant data  from  a long  list  of  topics — solar  physics;  atmospheric  pressure, 
temperature,  density,  composition,  and  winds;  the  ionosphere;  magnetic 
fields;  the  airglow;  the  auroras;  and  cosmic  rays — the  rocket  experimenters 
liked  to  think  and  speak  of  their  work  as  revolutionizing  the  field.  But  it  is 
clear  in  retrospect  that  the  first  decade  of  high-altitude  rocket  research  was 
normal  science,  not  revolution.  Put  otherwise,  the  results  from  those  years 
of  research  elaborated  and  expanded  upon  the  already  accepted  paradigm, 
but  did  not  force  any  fundamental  changes  in  it. 

Were  one  to  compose  a schematic  diagram  of  the  upper  atmosphere 
based  on  what  was  known  immediately  following  the  launching  of  Sput- 
nik, the  picture  would  probably  look  much  like  the  drawing  of  figure  9.  A 
comparison  with  figure  1 drawn  from  information  set  forth  in  Mitra's  book 
of  10  years  earlier  shows  a striking  similarity  in  overall  concepts.  In  both, 
the  atmosphere  is  visualized  as  consisting  of  a number  of  characteristic 
layers — troposphere,  stratosphere,  ozonospherr.  ionosphere,  and  exosphere — 
at  essentially  the  same  altitude  levels.  In  both,  temperatures  vary  markedly 
w ith  altitude,  and  these  variations  are  associated  with  the  different  atmos- 
pheric layers.  Solai  radiations  are  considered  to  be  the  cause  of  photochem- 
ical processes  going  on  in  the  atmosphere,  affecting  composition,  giving 
rise  to  the  night  airglow,  and  forming  the  ozonosphere  and  ionosphere. 
Heating  of  different  levels  in  the  atmosphere  is  ascribed  to  incoming  solar 
energy  , which  in  a series  of  stages  ultimately  degenerates  into  heat.  There 
is  little  doubt  that  the  auroras  are  caused  by  charged  particle's  from  the  sun, 
and  that  in  some  way  such  particles  are  also  responsible  for  changes  in  the 
earth’s  magnetic  field  during  magnetic  storms. 

Clearly  the  two  paradigms,  before  and  after,  are  essentially  the  same. 
I'he  expert  will,  of  course,  see  a new  richness  of  detail  in  the  later  picture, 
but  nothing  that  the  earlier  paradigm  could  not  accommodate  once  the 
facts  were  known.  Thus,  space  science’s  first  decade,  the  sounding  rocket 
period,  must  be  characterized  as  extremely  fruitful  normal  sc  ience.  Never- 
theless. in  that  early  harvest  were  the  elements  of  some  remarkable  dis- 
coveries. 

The  soft  radiation  that  Van  Allen  had  detected  in  the  auroral  regions 
presaged  the  discovery  of  a largely  unsuspected  aspect  of  the  earth’s  en- 
vironment. Following  up  his  interest  in  these  soft  radiations.  Van  Allen 
instrumented  the  first  American  satellite.  Explorer  /,  w ith  counters  to  probe 
further  the  incoming  cosmic  rays.  Unexpec  tedly  high  radiation  intensities 
were  found  above  the  atmosphere  and,  after  additional  measurements  in 
Explorer  Van  Allen  on  1 May  1958  announced  the  discovery  of  a belt  of 
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figure  9.  Upper  atmosphere  as  visualized  in  1958.  The  general  features  are  similar  to  those  of  figure  J,  corresponding  to 
the  mid-l940s , but  there  is  much  more  detuil. 
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radiation  sunrounding  the  earth,  which  at  once  became  known  as  the  Van 
Alien  Radiation  Belt.”  The  discovery  set  in  motion  a long  chain  of  inves- 
tigations that  in  the  course  of  the  next  several  years  forced  a revision  of  the 
picture  scientists  had  developed  of  how  the  sun's  panicle  radiations  affect 
the  earth's  atmosphere.  The  new  features  of  the  geophysical  paradigm  will  .* 
be  presented  in  chapter  11. 

The  second  discovery  came  from  the  rocket  investigations  of  the  sun's 
short-wavelength  spectrum.  The  discovery  that  x-rays  were  an  important 
variable  in  the  solar  spectrum  suggested  that  x-rays  might  also  be  im- 
portant in  other  stars  and  celestial  objects,  which  later  proved  to  be  cor- 
rect.si  When  the  experimenters  in  the  Naval  Research  Laboratory  group 
turned  their  ultraviolet  and  x-ray  detectors  toward  the  stars,  they  initiated  a 
new7  field  of  rocket  astronomy,  which  will  be  described  more  fully  in  chap- 
ter 20. 

In  the  meantime,  the  early  harvest  from  rocket  sounding  of  the  upper 
atmosphere  was  convincing  evidence  of  the  rich  returns  that  could  be  ex- 
pected from  a program  of  scientific  research  in  space.  In  this  aspect  of 
space,  at  least,  the  United  States  could  consider  itself  fully  competitive  with 
any  rival. 
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Response  to  Sputnik:  The  Creation  of  NASA 


How  brightly  the  Red  Star  shone  before  all  the  world  in  October  of 
1957!  Streaking  across  the  skies,  steadily  beeping  its  mysterious  radio  mes- 
sage to  those  on  the  ground.  Sputnik  was  a source  of  amazement  and  won- 
der to  people  around  the  globe,  most  of  whom  had  had  no  inkling  of  what 
was  about  to  happen.  To  one  nation  in  particular  the  Russian  star  loomed 
as  a threat  and  a challenge. 

In  the  United  States  many  were  taken  aback  by  the  intensity  of  the 
reaction.  Hysteria  was  the  term  used  by  some  writers,  although  that  w*as 
doubtless  too  strong  a word.  Concern  and  apprehension  were  better  de- 
scriptions. Especially  in  the  matter  of  possible  military  applications  there 
was  concern,  and  many  judged  it  unthinkable  that  the  United  States  should 
allow’  any  other  powder  to  get  into  a position  to  deny  America  the  benefits 
and  protection  that  a space  capability  might  afford.  A strong  and  quick 
response  was  deemed  essential. 

Actually,  as  has  been  seen  in  chapters  3 to  5,  the  United  State*  was  not 
far  behind.  A full  decade  of  pioneering  work  had  brought  into  being  a 
respectable  stable  of  rockets  and  missiles  and  still  more  powerful  ones  were 
under  development,  some  of  them  nearing  completion.  Tracking  and  tel- 
emetering stations  were  operating,  and  a number  of  missile  test  ranges 
were  functioning.  Sizable  teams  of  persons  with  capabilities  pertinent  to 
space  research  and  engineering  were  available  in  both  government  and 
industry  . And  more  than  10  years  of  sounding  rocket  research  combined 
with  open  publication  of  results  had  given  the  United  States  a definite 
edge  over  the  USSR  in  space  science,  in  spite  of  its  priority  in  the  satellite 
program.  Without  question  the  United  States  was  competitive  in  space 
even  as  the  country  deplored  its  loss  of  leadership. 

Leadership  was  the  key  word.  To  be  competitive  was  not  enough.  In 
an  age  when  technology  was  vital  to  national  defense,  essential  for  solving 
problems  of  food,  transportation,  and  health,  and  important  to  the  na- 
tional economy,  technological  leadership  was  an  invaluable  national  re- 
source not  to  be  relinquished  w ithout  a struggle.  It  was  technological  lead- 
ership that  would  generate  a favorable  balance  of  trade  for  the  United 
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Slates  and  afford  strength  in  international  negotiations.  Moreover,  the  ap- 
pearance of  leadership— while  in  no  way  equivalent  to  genuine  technolog- 
ical strength  in  importance— nevertheless  had  a strong  bearing  on  the  in- 
ternational benefits  to  be  won.  President  Eisenhower  was  right  when  he 
asserted  that  the  country's  position  in  rockets  and  missiles  was  a sux  ng 
one,  which  the  launching  of  a small  scientific  satellite  by  Russia  could  not 
substantively  weaken,  but  in  the  mood  of  the  times  people  were  not  dis- 
posed to  listen. 

One  heard  of  a race  with  Russia,  a topic  that  would  be  debated  often  in 
the  years  to  come.  While  many  would  deny  the  necessity  to  run  a race — and 
some  would  even  contend  that  no  race  existed — for  most,  competition  with 
the  Soviets  was  serious  business.  Even  those  in  a position  to  appreciate  the 
strength  of  the  U.S.  position  did  little  to  bring  it  out,  most  likely  because 
they,  too,  were  persuaded  of  the  importance  of  recapturing  leadership  in 
space,  especially  in  view  of  the  military'  implications.  National  leaders  were 
worried  about  the  obvious  great  size  and  lifting  capacity  of  the  Soviet  mis- 
siles. Also,  insertion  of  a satellite  into  orbit  proved  that  the  USSR  had 
mastered  the  final  ingredient  of  a successful  intercontinental  ballistic  mis- 
sile, guidance.  Moreover,  all  this  had  occurred  while  the  U.S.  Atlas  missile 
was  still  under  development,  far  from  deployment. 

During  those  formative  months  of  late  1957  and  the  first  half  of  1958 
the  broad  spectrum  of  forces  impacting  on  space  matters — at  once  syner- 
gistic and  conflicting — began  to  become  apparent.  In  the  face  of  the  Soviet 
challenge  academic,  industrial,  and  political  forces  merged  in  a common 
conviction  that  the  country  must  put  its  space  house  in  order.  The  mutu- 
ally reinforcing  effect  of  these  disparate  interests  all  pushing  for  a properly 
organized,  unified  national  space  program  led  eventually  to  the  creation  of 
the  National  Aeronautics  and  Space  Administration;  their  continued  coop- 
eration during  the  ensuing  years  produced  the  broad  spectrum  of  achieve- 
ments in  manned  exploration,  science,  and  applications  in  outer  space 
with  which  the  world  has  become  familiar.  But  the  individual  motiva- 
tions— political  objectives,  commercial  goals,  professional  aspirations — and 
the  differing  philosophical  backgrounds  of  the  industrialist,  academician, 
legislator,  administrator,  soldier,  scientist,  and  engineer  set  up  cross  cur- 
rents and  conflicts  of  varying  intensity  that  run  through  the  early  years  of 
NASA’s  history. 

During  the  months  preceding  the  passage  of  the  National  Aeronautics 
and  Space  Act  of  1958,  space  science  and  potential  military  applications 
were  already  established  areas  of  space  activity  that  contendtxl  to  attract  the 
various  interest  groups  that  had  or  might  have  a stake  in  the  nation's 
future  in  space.1  Industry  gravitated  toward  the  military,  with  which  it 
already  had  a close  and  profitable  association.  Professional  societies,  the 
Rocket  and  Satellite  Research  Panel,  the  Academy  of  Sciences,  and  the 
President’s  Science  Advisory  Committee  naturally  pursued  the  scientific 
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side  of  the  matter.  It  was  the  military  implications  of  space,  the  bearing 
that  future  space  developments  might  have  upon  national  defense  and 
security,  that  imparted  a sense  of  urgency  to  the  deliberations  in  the  execu- 
tive and  legislative  branches.  Communications  satellites,  weather  satellites, 
and  earth  observations  from  space  for  intelligence  were  all  important  to  the 
military,  the  last  named  being  of  special  significance  in  the  Cold  War. 
These  considerations  caught  and  held  the  attention  of  the  legislators.  But, 
though  the  military  implications  were  deemed  the  primary  concern  of  the 
country,  circumstances  elevated  the  scientific  aspects  to  a position  of  con- 
siderable influence. 

A majority  of  those  who  would  finally  make  the  decision  soon  became 
convinced  that  the  most  effective  way  of  proving  U.S.  leadership  in  space 
would  be  to  demonstrate  it  openly.2  Moreover,  a space  program  conducted 
under  wraps  of  military  secrecy  would  very  likely  be  viewed  by  other  na- 
tions as  a sinister  thing,  a potential  threat  to  the  peace  of  the  world.  A 
cardinal  point  in  the  U.S.  military  posture  had  always  been  that  the  devel- 
opment and  maintenance  of  U .S.  military  strength  was  peaceful,  not  in- 
tended for  aggression,  but  for  self-defense  and  to  enable  the  country  to  help 
maintain  stability  in  a world  in  which  weakness  too  often  provided  the 
occasion  for  trouble.  It  was  an  important  thesis  for  the  U.S.  public  to  con- 
tinue to  believe  and  to  sell  to  the  rest  of  the  world  and,  in  a matter  as 
portentous  as  space  seemed  to  be,  special  efforts  were  needed  to  present  the 
proper  image.  It  seemed  important,  therefore,  that  the  U.S.  space  program 
be  open,  unclassified,  visibly  peaceful,  and  conducted  so  as  to  benefit,  not 
harm,  the  peoples  of  the  world. 

A logical  conclusion  of  this  reasoning  was  that  the  program  should  be 
set  up  under  civilian  auspices.  Thus,  although  the  military  had  by  far  the 
greatest  amount  of  experience  pertinent  to  conducting  a space  program,  it 
was  by  no  means  a foregone  conclusion  that  the  Pentagon  would  be  as- 
signed the  principal  responsibility.  To  be  sure,  the  Army,  Navy,  and  Air 
Force  had  been  among  the  earliest  to  study  the  usefulness  of  space  to  sup- 
port their  missions.5  Military  hardware  afforded  the  only  existing  U.S. 
capabilities  for  space  operations.5  Moreover,  the  services  had  provided  the 
funding  and  much  of  the  manpower  for  the  rocket-sounding  program  of 
the  Rocket  and  Satellite  Research  Panel,  many  of  whose  members  were 
civilian  employees  in  military  research  laboratories,  as  shown  in  appendix 
A.  Yet  so  powerful  was  the  conviction  that  the  program  must  project  an 
image  of  benevolence  and  beneficence  that  the  otherwise  overriding  mil- 
itary factors  were  themselves  outweighed. 

Reinforcing  these  views  were  President  Eisenhower’s  own  convictions. 
Already  distressed  over  the  enormous  power  and  unmanageability  of  what 
he  later  called  the  military-industrial  complex.  Eisenhower  was  not  dis- 
posed to  foster  further  growth  by  adding  still  another  very  large,  very  costly 
enterprise*  to  the  Pentagon's  responsibilities.  Moreover,  at  the  time  the  Pen- 


89 


BtYOND  THE  ATMOSPHfcRK 


tagon  did  not  enjoy  the  best  of  relations  with  Capitol  Hill.  One  heard  talk 
of  a “missile  mess”  and  interservice  rivalry  in  the  Pentagon.  Such  concerns 
led,  during  the  very  period  when  the  administration  and  Congress  were 
deciding  America's  role  in  space,  to  the  appointment  of  a new  secretary  of 
defense,  the  creation  of  the  Advanced  Research  Projects  Agency,  and  pas- 
sage of  tne  Defense  Reorganization  Act,  which  among  other  things  set  up 
the  Office  of  the  Directorof  Defense  Research  and  Engineering.  Such  con- 
siderations, plus  Eisenhower’s  not  seeing  in  Sputnik  the  crisis  for  national 
defense  that  others  considered  it  to  be,  predisposed  him  to  favor  a space 
program  with  a strong  scientific  component  under  civilian  management. 

The  scientists  were  united  in  their  desire  to  have  a strong  scientific 
component  in  the  space  program.  The  greatly  expanded  federal  funding  of 
science  in  the  yeais  following  World  War  II  had  declined.  Members  of  the 
President’s  Science  Advisory  Committee  and  James  Killian,  special  as- 
sistant to  the  president  for  science  and  technology,  saw  in  the  space  pro- 
gram an  opportunity  to  renew  national  support  of  science.  Under  the  cir- 
cumstances Killian  and  PSAC  had  a considerable  influence  in  the  creation 
of  NASA,  pressing  for  a space  program  under  civilian  management  with  a 
strong  scientific  flavor. s In  this  they  were  supported  by  the  Rocket  and 
Satellite  Research  Panel;  the  National  Academy  of  Sciences,  where  Presi- 
dent Detlov  Bronk  took  a personal  interest  and  where  the  Space  Science 
Board  was  set  up;  by  the  American  Rocket  Society;  and  by  other  groups  of 
scientists  who  felt  impelled  to  speak  out  on  the  issue.6 

Against  this  background  the  debate  on  how  precisely  to  respond  to  the 
Soviet  challenge  proceeded.  A deluge  of  proposals  descended  upon  various 
congressional  committees.  In  the  Department  of  Defense  the  administra- 
tion had  set  up  the  Advanced  Research  Projects  Agency,  approved  by  Con- 
gress in  February  as  a temporary  holding  operation.7  But,  as  pointed  out, 
there  were  cogent  reasons  for  a space  program  under  civilian  auspices — in 
which  case  provision  w*ould  also  have  to  be  made  to  meet  the  vitally  im- 
portant military  needs.  Among  the  civilian  possibilities  was  the  creation  of 
a new'  agency— which  some  of  the  scientists  had  recommended — but  to 
those  who  knewf  what  was  involved,  that  was  a horrendous  undertaking. 
Alternatively  one  could  assign  the  responsibility  to  an  existing  agency,  or 
build  a newr  agency  around  an  existing  organization  as  nucleus.  With  the 
application  of  nucltar  power  to  rocket  propulsion  in  mind,  the  Atomic 
Energy  Commission  was  interested  in  taking  on  the  job,  as  both  the  com- 
missioners and  the  Joint  Committee  on  Atomic  Energy  on  the  Hill  made 
plain  to  members  of  the  Rocket  a -d  Satellite  Research  Panel  when  they 
called  to  enlist  support  for  the  creation  of  a National  Space  Establishment.8 
But,  for  a number  of  reasons,  the  choice  finally  fell  on  the  National  Ad- 
visory Committee  for  Aeronautics  (NACA). 

The  NACA  would -not  have  been  the  choice  of  most  scientists.  As  a 
highly  ingrown  activity,  the  agency  did  not  enjoy  a particularly  great 
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esteem  in  scientific  circles,  being  thought  of  more  as  an  applied  research 
activity  serving  primarily  industry  and  the  military.  Members  of  the  Rocket 
and  Satellite  Research  Panel,  in  particular,  were  skeptical  of  the  ability  of 
an  agency  almost  entirety  oriented  toward  in-house  research  and  with  no 
experience  in  the  nanagement  of  large  programs  to  take  on  all  the  research, 
development,  and  operational  tasks  of  a space  program  that  some  members 
thought  would  soon  entail  $1  billion  a year.  For  most  of  its  life  NACA  had 
managed  at  most  a few  tens  of  millions  of  dollars  a year.  In  fact,  the  annual 
budget  had  not  exceeded  $1  million  before  1930  and  had  not  passed  the 
$10-million  mark  until  World  War  II.  It  took  the  construction  and  opera- 
tion of  the  large  wind-tunnels  of  the  1950s  to  push  the  budget  toward  $100 
million.  Skepticism  within  the  panel  was  not  lessened  by  the  cautious 
attitude  NACA  management  had  displayed  through  the  years  toward  let- 
ting NACA  people  take  part,  even  in  a small  way,  in  the  sounding  rocket 
program.  Doubts  about  the  choi«v  oi  NACA  were  increased  in  the  months 
following  the  launching  of  Sputitik  by  conversations  between  panel  mem- 
bers and  NACA's  Director  of  Research  Hugh  Dryden  and  Chairman  James 
Doolittle. 

The  views  of  the  scientists  probably  carried  little  weight.  More  telling 
was  the  disenchantment  with  NACA  on  the  part  of  its  own  clients,  the  Air 
Force  and  industry.  The  agency  had  started  in  1915  as  an  advisory  group, 
as  its  name  implied,  but  became  gun  shy  when  its  advice  began  to  generate 
at  least  as  many  enemies  as  friends.9  As  a consequence  the  NACA  soon 
turned  away  from  advising  and  ioward  research.  Even  here  it  was  necessary 
to  keep  from  treading  on  the  toes  of  either  industry  or  the  military,  and  as 
a consequence  the  agency  gravitated  toward  aerodynamic  and  wind-tunnel 
research,  in  which  both  clients  were  happy  to  have  help.  Over  the  years  the 
agency  had  acquired  a reputation  of  caution  and  conservatism.  This  con- 
servatism may  have  caused  NACA  to  m'ss  out  on  a number  of  important 
aeronautical  advances,  the  most  significant  of  which  was  jet  propulsion, 
where  Britain  and  Germany  took  the  lead.  At  any  rate,  because  of  such 
missed  opportunities.  NACA  in  the  1950s  no  longer  had  the  unqualified 
endorsement  of  the  military  and  nidus: ry  that  it  once  had,  and  in  the  view 
of  at  least  one  historian  might  well  have  died  had  not  the  space  program 
come  along  to  revive  it.10  Under  the  circumstances  the  agency  was  avail- 
able, and  it  was  a case  of  assigning  responsibility  for  the  space  program  to 
an  organisation  whose  future  was  otherwise  in  doubt. 

NACA  pursuit  of  this  opportunity  was  something  less  than  sparkling. 
At  the  urging  of  younger  members  of  the  agency  , Dryden  and  his  staff 
developed  a number  of  papers  on  the  subject  of  space  research.  On  14 
January  1958  the  so-called  "Dryden  Plan"  was  made  public.11  The  title,  “A 
National  Research  Program  for  Space  Technology  ” — rather  than  a name 
referring  to  the  exploration  and  investigation  of  space — reflected  the  agen- 
cy’s characteristic  caution  and  narrowness  of  outlook.  The  plan  was  a 
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hodgepodge  bum  of  a desire  to  keep  much  of  NACA's  old  way  of  life  while 
embracing  the  interests  of  both  military  ami  civilian  groups.  Under  the 
plan  the  national  space  program  would  be  a cooperative  effort  among  the 
Department  of  Defense,  the  NACA,  the  National  Academy  of  Sciences,  the 
National  Science  Foundation,  and  various  private  institutions  and  com- 
panies. The  Department  of  Defense  would  be  responsible  for  military 
development  and  operations,  the  National  Academy  of  Sciences  and  the 
National  Science  Foundation  would  have  responsibility  for  the  scientific 
experiments  to  be  conducted,  mostly  by  the  outside  scientific  community, 
while  NACA  would  be  responsible  for  research  and  scientific  operations  in 
space.  This  cautious  approach — which  courted  everyone  and  satisfied  no 
one — was  endorsed  in  a resolution  passed  by  the  Main  Conuniuee  of 
NACA  on  16  January.  On  10  February  1958  the  agency  issued  an  internal 
document  giving  details  of  the  expansion  of  NACA  that  would  be  required 
to  support  the  Dry  den  plan.** 

In  spite  of  the  negative  feelings  about  NACA,  the  availability  of  the 
agency,  coupled  with  doubts  about  its  future  in  the  field  of  aeronautics  and 
the  desire  to  put  the  space  program  in  civilian  hands,  eventually  made 
NACA  the  prime  candidate  for  the  job.  On  5 March  Chairman  Nelson 
Rockefeller  of  the  President's  Advisory  Committee  on  Government  Organ- 
ization, Director  Percival  Brundage  of  the  Bureau  of  the  Budget,  and  Spe- 
cial Assistant  for  Science  and  Technology  James  Killian  jointly  delivered 
to  President  Eisenhower  a memorandum  recommending  that  "leadership 
of  the  civil  space  effort  be  lodged  in  a strengthened  and  redesignated  Na- 
tional Advisory  Committee  for  Aeronautics.”  The  memo  listed  a number 
of  liabilities,  but  stated  that  these  could  be  overcome  by  enacting  appropri- 
ate legislation.  The  NACA  would  be  renamed  the  National  Aeronautical 
and  Space  Agency,  and  the  17-member  governing  committee — w'hich 
NACA  insisted  was  the  kind  of  buffer  a research  agency  needed  at  the  top 
to  shield  it  from  external  forces — would  remain,  but  the  membership 
w'ould  be  changed  and  its  power  reduced. 

That  same  day  President  Eisenhower  decided  to  build  "a  civilian  space 
agency  upon  the  NACA  structure."15  From  that  point  matters  moved 
rapidly  within  the  executive  branch.  The  Bureau  of  the  Budget  prepared 
draft  legislation  with  assistance  from  Killian's  office  and  NACA.  The  pace 
with  which  this  was  accomplished  left  little  time  for  coordination  with 
other  agencies  such  as  the  Department  of  Defense,  a matter  that  aroused 
considerable  criticism  during  the  congressional  hearings  on  the  bill.  On  2 
April  1958,  Eisenhower  submitted  his  proposal  to  Congress.  The  Bureau  of 
the  Budget  had  insisted  on  a single  responsible  head  for  the  new  agency, 
one  who  would  be  advised  by  a board  of  experts  but  would  not  be  respon- 
sible to  and  shielded  by  such  a board.  NACA  leaders  disagreed,  and  accord- 
ing to  Arthur  Levine  some  members  of  ihe  agency  sought  help  from 
friendly  congressmen  to  preserve  the  traditional  NACA  organizational  pat- 
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tern.14  Bui  although  the  administration’s  bill  was  considerably  tighter  than 
the  diffuse  approach  of  the  Dryden  plan,  and  although  the  presentation  of 
the  biM  served  to  channel  the  congressional  deliberations  into  the  course 
that  led  to  the  passage  of  the  National  Aeronautics  and  Space  Act  of  1968, 
both  committee  members  and  wi#nesses  found  much  in  it  to  criticize. 

The  original  bill  lacked  provisions  dealing  with  Congressional  oversight  and 
control,  international  cooperation  and  conuol,  patents,  indemnification, 
limitation  of  liability,  conflict  of  interest,  definition  of  terms,  ceilings  on 
salaries,  relations  with  the  Atomic  Energy  Commission,  formal  liaison  com* 
miners,  and  over-all  policy  determination  and  coordination.  There  was  no 
provision  for  nuclear  propulsion,  or  even  any  recognition  of  its  importance 
in  this  new  field.  Vagueness  regarding  the  delineation  of  military  and  civilian 
activities  in  outer  spate  was  charged  by  many.  There  was  no  formal  provision 
lor  determining  agency  jurisdictions  in  space  research  or  settling  of  jurisdic- 
tional  disputes.  There  was  much  criticism  of  the  lark  of  clarity  in  the  sue 
and  makeup  of  the  board  proposed  in  (he  Administration  bill.  Concern  was 
voiced  over  the  lack  of  substantive  provisions  backing  up  various  aims  put 
forth  in  the  declaration  of  policy  .11 

In  the  end  Congress  adopted  a hill  which,  w hile  it  accepted  much  of  what 
the  administration  had  proposed,  nevertheless  introduced  substantial 
changes  to  meet  the  various  criticisms. 

The  remarkable  congressional  response  to  the  Sputnik  crisis  has  been 
analyzed  by  a number  of  authors.16  Even  before  President  Eisenhower 
showed  any  willingness  to  take  the  matter  seriously.  Congress  had  begun 
to  probe  the  subject  of  the  nation's  missile  and  satellite  programs.17  The 
Preparedness  Investigating  Subcommittee  of  the  Senate  Committee  on 
Armed  Sen  ices  opened  hearings  on  25  November  1957.  continuing  through 
28  lanuary  1958.  accumulating  more  than  7000  pages  of  printed  testimony 
largely  devoted  to  how'  the  United  Slates  and  the  Soviet  l7nion  compared 
in  science  and  technology  in  general  and  rockets  and  missiles  in  parti;  jlar. 
In  his  opening  remarks  the  chairman,  Lyndon  B.  Johnson,  set  a lone  of 
bipartisan,  nonpolitical  searching  for  the  best  possible  national  response  to 
the  Russian  challenge,  a tone  that  was  to  characterize  the  entire  process  of 
the  next  half  year  leading  to  the  passage  of  the  NASA  Act.  The  unanimous 
report  from  these  first  hearings  called  for  quick  and  vigorous  action.  In- 
deed, the  clear  determination  of  the  Congress  to  do  something  about  the 
crisis  had  much  to  do  w ith  goading  Eisenhower  into  action  to  develop  an 
administration  proposal. 

At  first  congressional  investigation  and  study,  while  extensive  and 
much  to  the  point,  showed  little  agreement  on  how  to  proceed.  Numerous 
resolutions  and  bills  were  offered,  some  of  them  proposing  the  establish- 
ment of  a permanent  space  organization.1*  For  a while  there  seemed  to  be 
too  many  cooks,  but  in  February  1958  matters  began  to  gel.  Senate  Resolu- 
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rion  256  on  6 February  created  a Special  Committee  on  Space  and  Aero- 
nautics to  frame  legislation  for  a national  program  of  space  exploration 
and  development.  On  10  February,  13  senators,  comprising  a powerful 
representation  of  the  Senate  leadership,  were  named  to  the  committee.19 
The  membership  included  the  chairmen  and  ranking  minority  members  of 
all  major  Senate  committees  concerned.  On  20  February,  in  a rare  break 
with  tradition,  the  majority  leader,  Senator  Johnson,  was  elected  chairman. 

The  Ho**  * soon  followed  suit  and  on  5 March  established  its  own 
blue  ribbon  group,  the  Select  Committee  on  Astronautics  and  Space  Ex- 
ploration. to  which  13  members  were  appointed.20  As  in  the  Senate,  the 
House  regarded  the  matter  as  sufficiently  important  to  set  aside  tradition, 
and  Majority  Leader  John  W.  McCormack  was  named  chairman.  Minority 
Leader  Joseph  IV.  Martin.  Jr.  was  picked  as  vice  chairman. 

Meanwhile  the  administration  had  been  preparing  the  draft  legislation. 
The  appearance  of  the  administration  bill  drew  congressional  activity  into 
focus.  On  H April  Senates  Johnson  and  Bridges  introduced  the  bill  as 
S.  3609.  The  same  day  McCormack  introduced  it  in  the  House  as 
H R.  1 18811.  with  identical  bills  being  put  forth  by  eight  other  representa- 
tives.21 i he  House  committee  began  hearings  the  next  day,  15  April,  and 
continued  them  through  12  May.  Not  having  conducted  a previous  in- 
quiry. as  had  the  Senate,  the  House  hearings  were  thorough  and  extensive. 
In  contrast,  the  Senate  committee  directed  its  inquiry  more  narrowly  at  the 
proposed  draft  legislation.  The  Senate  hearings  covered  six  days,  opening  6 
May  and  closing  15  May. 

Mam  complex  issues  were  debated:  the  organization  and  salary’  struc- 
ture of  the  new  agency  and  its  location  in  the  executive  branch;  the  matter 
of  policy’  guidance  at  the  lop.  and  how  to  provide  coordination  and  liaison 
between  the  civilian  space  agency  and  numerous  other  activities — like  the 
Department  of  Defense  and  the  military  services,  the  Weather  Bureau  of  the 
Department  of  Commerce,  the  National  Science  Foundation,  the  Atomic 
Energy  Commission,  and  the  Department  of  Health.  Education,  and  Wel- 
fare. for  example — which  had  legitimate  and  important  interests  in  space 
research  and  applications;  and  the  matter  of  ensuring  the  military  the 
necessary  freedom  of  action  to  pursue  applications  of  space  that  were 
deemed  of  military  significance.22  The  last-named  issue  was  of  great  con- 
cern and  brought  in  by  implication  the  question  of  how  to  divide  respon- 
sibility in  the  space  program  between  a civilian  agency  and  the  military 
establishment.  Numerous  other  issues  also  had  to  be  ironed  out,  such  as 
organization  within  Congress  and  how  to  provide  for  congressional  over- 
sight, polio  on  information  and  publicity,  and  how  to  handle  interna- 
tional mailers  such  as  cooperation  in  space.25  Both  committees  felt  that  the 
administration  proposal  failed  to  cover  adequately  many  of  the  important 
issues.  As  a consequence,  the  bill  finally  passed  differed  considerably  from 
that  initially  proposed.24 
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Most  significant  for  space  science.  Congress  did  not  prescribe  the  spe- 
cific content  of  the  space  program  with  which  the  NASA  Act  was  concerned. 

In  the  end  the  legislative  formulation  of  a detailed  space  program  was  by- 
passed. The  legislation  set  up  an  agency,  created  its  machinery,  and  pro- 
vided for  coordination  and  cooperation  between  it  and  other  branches  of  the 
Executive.  ** 

The  Congress  had  found  it  impossible  to  divide  the  program  between  the 
military  and  the  new  civilian  agency: 

It  rapidly  became  evident  that  it  was  the  use  made  of  it  and  not  the  satellite 
itself  which  might  well  determine  whether  it  would  be  of  a military'  or  a 
peaceful  nature.  For  example,  a reconnaissance  satellite  could  be  used  to  map 
and  pnotograph  the  surface  of  the  earth  Cor  purposes  of  defense  or  attack.  It 
could  also  pror  ide  vastly  improved  means  for  the  study  and  exploration  of 
the  universe.** 

Intelligence  gathering  was  generally  conceded  to  be  entirely  military,  space 
sc  ience  essentially  civilian— although  the  military  would  necessarily  be  in- 
terested in  certain  aspects  of  space  science.  All  else  was  contested:  manned 
spaceflight,  launch  vehicle  development,  and  applications  like  communi- 
cations and  meteorological  uses  of  satellites.  In  the  face  of  this  dilemma  the 
legislators  chose'  to  provide  a framework  that  would  give  both  the  military 
and  the  civilian  space  agencies  the  necessary  freedom  of  action,  while 
requiring  coordination  and  mutual  assistance.  Having  established  the 
framework,  Congress  would  leave  it  to  the  two  agencies  to  work  out  be- 
tween them  the  appropriate  division  of  laboi  and  res|x»nsibility — pre- 
cluding. of  course',  unwarranted  duplication  of  effort. 

Fite  lack  of  a specifically  prescribed  program  gave  the  first  admin  Ora- 
tor of  NASA  a wide  degree  of  latitude  in  selecting  projects  and  missions  to 
undertake,  a freedom  of  choice  that  was  but  little  curtailed  by  guidance 
that  James  Killian  supplied  in  the  summer  of  1958,  assigning  manned 
spaceflight,  meteorology,  passive  communications,  and  science  to  NASA, 
and  active  communications  and  reconnaissance  to  the  Depaitment  of 
Defense.  The  latitude  NASA  enjoyed  perm  it  it'd  the  development  of  a broad- 
ranging  program  of  science  and  exploration,  and  the'  accompanying  devel- 
opment of  technology  and  the  application  of  space  techniques  to  practical 
uses.  During  the  first  several  years  this  situation  was  entirely  in  keeping 
with  the  spirit  of  the  times,  and  on  the  Hill  there  was  more  questioning  of 
whether  NASA  w as  being  bold  enough  than  there  was  concern  about  over- 
stepping any  bounds.  In  fact,  it  was  conservatism  within  tin*  administra- 
tion that  Ic'd  to  conside  rable  vnixieration  in  building  up  the  ptogram. 

The  climate  was  ideal  for  the  grow  th  of  a space  science  program.  Not 
being  prescribed  in  detail — as  far  as  science  was  concerned  the  NASA  Act 
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simply  called  for  “ihe  expansion  of  human  knowledge  of  phenomena  in 
the  atmosphere  and  space***7— the  science  program  could  be  permitted  to 
unfold  in  keeping  with  the  scientific  process.  Relying  on  the  nation's  scien- 
tists, including  the  National  Academy  of  Sciences,  NASA  proceeded  to 
attack  the  scientific  problems  of  the  atmosphere  and  space  that  the  scien- 
tists themselves  deemed  most  important  and  most  likely  to  produce  signifi- 
cant new  information.  The  organization  of  the  space  science  program,  the 
establishment  of  advisory  committees,  the  agency's  funding  requests,  and 
the  means  by  which  individual  scientists,  universities,  and  other  research 
organizations  were  invited  to  participate— all  were  designed  to  make  the 
space  science  program  a creature  of  working  scientists,  in  the  conviction 
that  such  an  approach  would  produce  the  best  possible  program  for  the 
country. 

In  many  ways,  although  it  didn't  always  seem  so  to  the  scientists,  space 
science  occupied  a favored  position.  As  a means  of  diverting  attention  from 
the  military  overtones  of  the  Sputnik  crisis.  President  Eisenhow'er  had 
favored  a national  space  program  w ith  a scientific  complexion.  During  the 
months  of  discussion  on  the  Hill,  there  never  arose  the  slightest  question 
but  that  space  science  would  be  an  essential  element  of  the  national  space 
program.  Long  lists  of  scientists  were  called  as  w itnesses,  or  their  opinions 
sought  by  letter  as  to  what  to  do.  The  importance  of  science  to  the  pro- 
gram and  the  importance  of  a civilian  arena  for  science,  plus  the  interna- 
tional character  of  science,  contributed  to  the  argument  for  placing  the 
space  program  in  the  hands  of  a civilian  agency.  Reinforcing  such  consid- 
erations in  the  minds  of  congressmen  and  senators  was  the  image  of  success 
science  had  acquired  in  the  International  Geophysical  Year  that  had 
brought  forth  the  Sputnik  challenge. 

Of  course,  the  freedom  that  ihe  first  administrator  of  NASA  enjoyed  in 
developing  the  civilian  space  program  had  also  been  accorded  the  military 
services  in  pursuing  military  interests  in  space.  As  already  mentioned,  it 
was  the  military  potential  of  space  that  aroused  the  concern  and  held  the 
attention  of  many  legislators,  and  that  virtually  guaranteed  a formally 
designated  national  space  program.  But  the  broad  overlap  of  common  in- 
terests that  had  stymied  the  legislators  in  their  efforts  to  effect  a satisfactory 
division  between  the  civilian  and  the  military  in  the  first  place  was  a 
potential  source  of  conflict  between  the  new  agency  and  the  military  serv- 
ices. Such  conflict  the  National  Aeronautics  and  Space  Council  and  espe- 
cially the  Civilian-Military  Liaison  Committee,  called  for  in  the  NASA  Act, 
were  intended  to  handle. 

Another  feature  of  the  NASA  Act  that  was  of  importance  to  space 
science  was  the  provision  of  a single  responsible  head  for  the  agency . Under 
the  pressure  of  a national  clamor  to  close  the  gap  with  the  Russians  in 
space— a pressure  continually  reinforced  by  the  urging  of  Congress  to  get 
on  with  the  task — NASA  had  its  best  chance  to  break  awav  from  the  con- 
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servatism  that  had  characterized  its  predecessor.  To  continue  the  old  NACA 
structure,  as  NACA  officials  had  urged,  with  an  advisors'  board  determin- 
ing policy  and  shielding  the  director  from  many  of  these  outside  pressures, 
might  well  have  had  a greater  impact  on  science  than  on  other  aspects  of 
the  space  program.  Boards  and  committees  tend  to  be  conservative.  Para- 
doxically. scientists  as  a class  are  quite  conservative.  As  a group  they  would 
doubtless  have  been  content  to  move  more  slowly,  more  cautiously,  less 
expensively,  making  the  most  of  the  tools  already  developed  in  preference 
to  the  creation  of  larger,  more  versatile — and  more  expensive — tools.  Ex- 
posed directly  to  the  outside  pressures  to  match  or  surpass  the  Soviet  achieve- 
ments in  space.  NASA  moved  more  rapidly  with  the  development  of  ob- 
servatory-class satellites  and  the  larger  deep-space  probes  than  the  scientists 
would  have  required  (chap.  12).  Some  of  the  most  intense  conflicts  between 
NASA  and  the  scientific  community  arose  later  over  the  issue  of  the  small 
and  less  costly  projects  versus  the  large  and  expensive  ones — a conflict  that 
NASA's  vigorous  development  of  manned  spaceflight  exacerbated. 

Of  course,  the  scientific  community  is  not  monolithic,  and  there  were 
so  many  widely  differing  opinions  on  these  matters  as  to  make  speaking  of 
a single  position  of  the  scientific  community  nonsense.  Nevertheless  it 
seems  clear  that  the  new  organizational  structure  prescribed  for  NASA  not 
only  helped  NACA  people  drop  much  of  their  conservatism,  but  also  had 
an  impact  on  the  space  science  program  in  effecting  a faster  development 
of  more  advanced  space  tools  than  many  leading  scientists  would  have 
called  for. 

The  National  Aeronautics  and  Space  Act  of  1958  was  a remarkable 
piece  of  legislation,  and  the  process  which  produced  it  even  more  note- 
worthy. The  thoroughness  with  which  the  subjects  of  space  and  its  poten- 
tials and  implications  were  investigated  and  studied,  the  thoughtfulness 
given  to  the  issues  raised,  and  the  care  taken  in  responding  to  the  crisis 
precipitated  by  Sputnik  pros  ale  a model  that  could  well  be*  commei.ded  as 
a pattern  for  the  handling  of  legislative  matters.  As  a practical  matter, 
however,  it  is  not  likely  that  the  (Congress  could  find  the  time  and  resour- 
ces to  devote  such  attention  to  more  than  a select  few*  of  the  issues  that 
come  before  it.  Also,  few  other  issues  are  so  free  of  partisan  concerns  and 
vested  interests. 

At  any  rate,  the  act  provided  an  effective  framework  for  both  the  ci- 
vilian and  military  components  of  the  nation’s  space  research  and  explora- 
tion. In  the  course  of  time,  some  changes  were  found  desirable.2*  Perhaps 
the  most  telling  were  those  in  coordination,  the  area  in  which  Congress 
had  displayed  so  much  concern  and  on  which  so  much  time  had  been 
spent.  President  Eisenhower  made  little  use  of  the  Aeronautics  and  Space 
Council  and  did  not  provide  a permanent  staff  for  it,  so  it  was  left  to 
NASA  and  the  Bureau  of  the  Budget  to  do  the  staff  work.  In  April  1961  the 
NASA  Act  was  amended  to  place  the  National  Aeronautics  and  Space 
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Council  in  the  Executive  Office  of  the  President,  to  replace  the  president 
with  the  vice  president  as  chairman,  to  decrease  the  size  of  the  council,  and 
to  broaden  its  functions  to  include  cooperation  “among  all  departments 
and  agencies  of  the  United  States  engaged  in  aeronautical  and  space  ac- 
tivities.”*9 Also  the  Civilian-Military  Liaison  Committee  proved  ineffective 
from  the  start.  In  September  1960  NASA  and  the  Department  of  Defense 
jointly  established  an  Aeronautics  and  Astronautics  Coordinating  Board, 
cochaired  by  the  deputy  administrator  of  NASA  and  the  Defense  Depart- 
ment’s director  of  defense  research  and  engineering.  Because  it  worked,  the 
AACB  rapidly  took  over  the  functions  of  the  Civilian-Military  Liaison 
Committee.  The  new  board  succeeded  because  its  cochairmen  and  members 
were  in  positions  of  authority  in  their  respective  agencies,  where  they  could 
personally  put  into  effect  agreements  arrived  at  in  the  board.  No  longer  of 
any  use,  the  liaison  committee  was  abolished  by  reorganization  in  July 
’%5.w  There  were  some  other  changes,  and  additional  authorities  were 
acquired  from  related  legislation— such  as  the  authority  to  award  grants  in 
support  of  basic  science.31  But.  all  in  all,  the  strength  and  effectiveness  of 
the  NASA  legislation  lay  in  the  oiiginal  act  of  1958. 

Under  its  provisions  NACA  prepared  to  move  out  on  its  new  career — as 
NASA.  Drvden  was  not  chosen  as  the  first  administrator.  In  retrospect  it  is 
easy  to  see  why.  The  cautious  and  diffuse  approach  of  the  NACA  with 
which  Drvden  was  identified,  and  Dry  den’s  conservative  views  on  the 
budget  needed  by  the  new  agency,  did  not  jibe  with  the  legislators’  sense  of 
urgency  in  space  matters.32  Instead  of  Drvden,  T.  Keith  Glennan — presi- 
dent of  Case  Institute  of  Technology,  former  head  of  the  Navy’s  New  Lon- 
don Underwater  Sound  Laboratories,  and  for  two  years  a member  of  the 
Atomic  Energy  Commission — was  chosen.  In  spite  of  the  difficulties  with 
Congress.  Drvden  had  an  undiminished  reputation  for  technical  and  ad- 
ministrative competence  which  let!  Glennan  to  ask  specifically  for  him  as 
his  deputy. 

After  a brief  preparatory  period,  Glennan  officially  opened  NASA’s 
doors  on  1 October  1958.  Space  science  was  one  of  the  first  of  NASA’s 
programs  to  flourish.  Nevertheless  it  was  not  the  Sputnik  crisis  that  brought 
spate  science  into  being.  What  Sputnik  did  achieve  was  to  break  out  much 
of  the  U.S.  space  program,  including  space  science,  from  under  the  mil- 
itary wing  where  it  had  resided  during  the  pioneering  years.  Had  it  not 
been  for  the  shock  generated  by  Sputnik,  the  American  space  program 
would  probably  have  evolved  into  one  largely  devoted  to  military  objec- 
tives— with  space  science  as  an  adjunct.  Under  such  circumstances,  in  spite 
of  the  comniendabh  enlightened  policies  of  the  U.S.  military  establishment 
regarding  support  of  basic  research,  the  free  play  of  the  scientific  process 
would  have  been  difficult  to  maintain.  Pressures  would  have  been  in  the 
direction  of  supporting  research  with  military  applications  and  imposing 
security  classification  on  some  of  the  results.  With  the  program  in  NASA, 
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the  scientific  community  was  in  a stronger  position  to  impress  its  brand  on 
American  space  science  and  to  work  openly  with  foreign  colleagues  when 
that  seemed  appropriate. 

Yet  it  is  of  interest  that  the  members  of  the  Academy  of  Sciences  and  of 
the  President’s  Science  Advisory  Committee  who  had  worked  so  hard  to 
push  the  space  program  in  the  direction  of  science  and  toward  the  civilian 
arena  were  not  those  who  proceeded  to  carry  out  the  space  science  program. 
As  leaders  of  the  scientific  establishment,  they  continued  to  be  beset  by  the 
problems  of  ntaintaining  adequate  appreciation  and  support  for  science  in 
getreral;  and  as  soon  as  the  space  program  was  launched  they  returned  to 
these  broader  matters.  Rather,  it  was  those  who  had  already  been  engaged 
in  rocket  and  satellite  work,  especially  those  working  on  projects  connected 
with  the  International  Geophysical  Year,  who  began  to  develop  the  na- 
tion's space  science  p.  ogram.  These  individuals,  with  years  of  experience 
behind  them  in  industry  , on  the  Rocket  and  Satellite  Research  Panel,  and 
in  the  IGY  program,  naturally  had  proprietary  feelings  about  space  re- 
search: and  it  was  easy  for  them  to  regard  the  space  science  program  as  very 
much  their  own  creation.  But  the  academy,  from  its  association  with  IGY. 
and  PSAC  from  its  role  in  laying  the  legislative  foundation  for  NASA,  also 
had  certain  proprietary  feelings  about  the  program.  There  arose  accord- 
ingly a tension — constructive  for  the  most  part — between  NASA  managers 
and  advisers  in  the  academy  and  on  PSAC.  The  issues  of  wha;  the  space 
science  program  should  be.  how  it  should  be  carried  out,  and  who  should 
make  the  decisions  arose  early  and  recurred  continually  throughout  the 
1960s  and  into  the  1970s. 
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None  of  the  traditional  conservatism  of  the  National  Advisory  Commit- 
tee for  Aeronautics  was  evident  in  the  autumn  of  1958  when  the  National 
Aeronautics  and  Space  Administration  got  under  way.  Rather,  the  indus- 
try. care,  and  thoroughness  that  had  earned  for  NACA  the  respect  of  Con- 
gress over  the  years  could  be  sensed  as  the  new  agency  geared  up  for  the 
challenges  ahead.  A seemingly  endless  list  of  matters  had  to  be  taken  care 
of  in  the  first  few  months  after  NASA  was  formally  opened  by  Adminis- 
trator Glennan  on  1 October  1958,  and  everyone  had  his  hands  full. 

The  agency  showed  no  inclination  to  take  its  role  in  the  nation’s  space 
program  for  granted.  The  debates  during  the  previous  year  about  the  im- 
portance of  the  space  program  and  the  country’s  poor  position  relative  to 
the  Soviet  Union  demonstrated  that  Congress  would  take  a deep  interest  in 
what  NASA  did.  Also,  the  significance  of  the  choice  of  a new  man,  T. 
Keith  Glennan,  as  the  first  administrator,  rather  than  Hugh  Dryden,  the 
director  of  NACA,  was  not  lost  upon  former  NACA  employees.  Even 
though  the  National  Aeronautics  and  Space  Act  of  1958  had  given  NASA 
extensive  authority,  the  agency'  still  felt  the  need  to  sell  itself.  As  the  staff 
prepared  for  NASA's  first  budget  hearings,  Abe  Silverstein,  director  of 
spaceflight  programs,  admonished  his  people  with  words  like  the  follow- 
ing: “Remember,  it  is  not  the  program  we  have  to  sell.  That  has  already 
been  bought.  What  we  have  to  prove  is  that  we  are  the  right  ones  to  do  it!”1 

That  was  the  mood  of  NASA  as  it  bent  to  the  tasks  ahead.  I>  anything 
stood  out  at  the  time,  it  was  that  everything  seemed  to  be  happening  at 
once.  In  the  white  hot  light  of  public  interest,  NASA  had  to  establish  its 
organization,  expand  its  staff,  acquire  new  facilities,  find  contractors  for 
the  work  to  be  done,  carry  out  Vanguard  and  the  projects  transferred  from 
the  Advanced  Research  Projects  Agency,  work  out  its  relations  with  the 
military  and  other  agencies,  develop  a budget,  prepare  for  the  first  congres- 
sional hearings,  and  plan  for  the  future — all  while  attempting  to  get  a 
program  immediately  under  way.  Again  it  was  Silverstein  who  put  it  into 
words:  “Two  years.  It  wrill  take  two  years  to  get  things  really  under  control. 
After  that  you  can  begin  to  take  it  easy.”  As  a prophet,  Silverstein  was  half 
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right.  It  did  take  about  two  years  to  set  NASA  on  the  course  it  would 
follow  for  the  next  decade. 

The  jumbled  character  of  NASA’s  first  years  is  readily  apparent  in 
Robert  L.  Rosholts  review  of  the  period;2  but  in  the  midst  of  all  the  scram- 
ble, things  were  getting  done.  From  hour  to  hour,  and  from  day  to  day, 
NASA  managers  would  move  from  topic  to  topic,  keeping  things  moving 
on  all  fronts.  Gradually  the  program  began  to  take  shape.  Space  science, 
even  though  it  had  the  advantage  of  a head  start  from  the  previous  sound- 
ing rocket  work  and  the  scientific  satellite  program  of  the  International 
Geophysical  Year,  shared  in  the  growing  pains  of  the  new  agency  In  addi- 
tion, problems  peculiar  to  a scientific  endeavor  had  to  be  solved. 

'Hie  following  pages  take  up  a number  of  subjects  that  the  National 
Aeronautics  and  Space  Administration  had  to  address  itself  to  for  all  its 
programs,  but  here  they  are  considered  in  the  light  of  their  bearing  on 
space  science.  Although  discussed  under  several  topical  headings,  these 
matters  were  inextricably  interwoven  and  were  being  worked  on  simul- 
taneously. 


Organization 

President  Eisenhower’s  decision  of  5 March  1958  to  build  a civilian 
space  agency  around  NACA  set  in  motion  the  train  of  events  that  led  to  the 
establishment  of  NASA.  On  2 April,  w^hen  the  administration’s  draft  legis- 
lation was  sent  to  the  Hill,  the  president  instructed  NACA  and  the  Depart- 
ment of  Defense  to  work  out  the  necessary  plans.  For  its  part  NACA  set  up 
an  Ad  Hoc  Committee  on  NASA  Organization,  under  Ira  Abbott,  NACA 
assistant  director  for  aerodynamic  research,  which  made  a preliminary  re- 
port in  May.3 

The  committee’s  suggested  organization  showed  four  major  divisions: 
Aeronautical  and  Space  Research,  Space  Flight  Programs,  Space  Science, 
and  Management.1  The  last  named  stemmed  from  a recognition  that  the 
prospective  program  would  require  substantial  management  attention, 
requiring,  among  other  things,  contracting  for  development  and  operations 
as  well  as  for  research.  Aeronautical  and  Space  Research  would  cover  the 
advanced  research  of  the  NACA  plus  that  pertinent  to  the  investigation 
and  exploration  of  space.  The  large  development  projects  and  operations 
required  for  the  space  program  would  be  handled  by  Space  Flight  Pro- 
grams. 

Space  Science  remained  a separate  box  on  the  organization  chart 
through  the  tentative  plan  of  11  August  1958.  In  keeping  with  the  plan 
that  Drvden  had  proposed  in  January,5  it  was  specially  r :ed  on  the  charts 
that  the  space  sciences  program  would  use  the  services  of  the  scientific 
community,  including  the  National  Science  Foundation  and  the  National 
Academy  of  Sciences.  On  19  August,  Administrator  Glennan  met  with  key 
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NACA  officials  to  go  over  the  planning,  and  a provisional  organization 
chart  was  issued  on  21  August  1958,  from  which  the  space  science  box  had 
disappeared.  About  this  time  the  author  began  negotiations  with  Abe  Sil- 
verstein  for  a number  of  the  space  scientists  at  the  Naval  Research  Labora- 
tory to  join  NASA.  As  an  outcome  of  these  negotiations,  John  Townsend, 
John  Clark,  and  the  author  transferred  to  NASA  Headquarters  on  20  Oc- 
tober 1958.  A few  days  later,  on  24  October,  a tentative  organization  chart 
again  showed  a box  for  space  sciences,  but  this  time  in  the  Office  of  Space 
Flight  Development,  under  Silverstein.  Glennan's  first  official  organization 
plan  in  January  1959  retained  space  science  in  the  Office  of  Space  Flight 
Development.6 

According  to  Glennan,  one  should  not  read  too  much  into  the  shifting 
position  and  status  of  space  science,  which  simply  reflected  the  fact  that 
“ 'space  sciences’  was  only  one  of  many  organizational  elements  to  be  fitted 
together.”  Moreover,  the  administrator  looked  to  Deputy  Administrator 
Hugh  Dry  den  to  ensure  that  science  was  “accorded  its  appropriate  role  and 
status  in  the  NASA  family.”7 

Had  the  21  August  chart  persisted,  it  is  safe  to  say  that  the  scientific 
community  would  have  been  most  distressed.  As  it  was,  making  space  sci- 
ence a subsidiary  of  spaceflight  development  did  not  sit  too  well  with  key 
scientists,  who  did  not  hesitate  to  characterize  science  as  one  of  the  major 
purposes  of  the  space  program.  At  the  18  December  1959  meeting  of  the 
Space  Science  Panel  of  the  President’s  Science  Advisory  Committee,  for 
example,  Chairman  Purcell  closed  by  declaring  that  “space  science  was  the 
backbone  of  the  Ameren  space  program,  the  foundation  of  what  we  can 
do  in  applications.  '*  Space  science  may  have  been  put  where  it  was  in  the 
fall  of  1958  because  the  scientists  from  the  Naval  Research  L^ttbOTu  Itzl  > and 
elsewhere  who  came  imo  NASA  were  unknown  quantities  to  Dryden  and 
Silverstein. 

Space  science  again  disappeared  from  the  organizational  nomenclature 
when  in  February  I960  the  author  was  listed  as  deputy  to  Silverstein.  In  its 
place  were  two  titles:  Satellites  and  Sounding  Rocket  Programs,  and  Lunar 
and  Planetary  Programs.  Almost  two  years  later,  in  November  of  1961,  the 
second  administrator,  James  E.  Webb,  announced  his  first  major  reorgani- 
zation of  NASA;  at  that  time  the  author  became  director  of  a newly  created 
Office  of  Space  Sciences,  giving  science  the  kind  of  visibility  in  the  NASA 
organization  that  the  scientific  community  felt  it  should  have.9 

An  often  repeated  statement  of  NACA  people  was  that  the  strength  of 
NACA  lay  in  its  centers.*  That  was  where  the  trained  people,  who  repre- 
sented the  research  and  technical  competence  of  the  agency,  lived.  The  same 
would  be  true  of  NASA.  But  from  the  outset  Hugh  Dryden  was  especially 


•l-mgley  Aeronautical  l aboratory  in  Virginia.  Ames  Aeronautical  l.abo*atory  and  the  High-Speed 
Flight  Station  in  California,  and  Lewis  Flight  Propulsion  laboratory  in  Ohio. 
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concerned  char  the  research  character  of  the  NACA  centers— on  which 
N ACA’s  reputation  in  aeronautical  and  aerodynamic  research  had  rested— 
be  preserved  and  protected  against  encroachment  by  the  development  and 
operational  demands  of  the  space  program.  Thus,  the  Office  for  Space 
Flight  Programs  had  the  dual  purpose  of  providing  new  capability  for 
space  research  and  development,  while  leaving  the  old  centers  free  to  pur- 
sue the  advanced  research  and  technology  that  were  their  forte*  This  policy, 
which  appeared  in  the  earliest  planning,  persisted  throughout  the  evolu- 
tion of  NASA,  but  weakened  with  the  passage  of  time.  Thus,  to  avoid 
overloading  the  Jet  Propulsion  Laboratory  (which  was  already  struggling 
with  the  Ranger.  Surveyor,  and  Mariner  projects),  in  the  summer  of  1963 
management  of  the  Lunar  Orbiter  was  assigned  to  the  Langley  Research 
Center.10  This  sizable  project  was  followed  in  the  latter  half  of  the  decade 
by  the  even  more  demanding  Viking.11  When  the  Centaur  rocket  stage 
needed  special  attention  to  pull  it  through  its  development  difficulties,  the 
project  was  assigned  to  the  Lewis  Research  Center.12  At  the  Ames  Research 
Center,  studies  of  an  astronomical  satellite  undertaken  in  1958  and  1959 
became  the  basis  for  much  of  the  planning  far  NASA's  Orbiting  Astro- 
nomical Observatory.13  Later  Ames  became  the  management  center  for  the 
Pioneer  projects.14  The  urge  to  take  part  in  the  space  portion  of  NASA’s 
program,  the  need  for  additional  support  to  important  projects,  plus  the 
argument  that  a modest  development  work  would  provide  insights  into 
technological  needs  that  would  benefit  advanced  research,  militated  against 
keeping  the  research  centers  “pure."  It  eventually  became  a matter  of  keep- 
ing the  development  work  at  a modest  level. 

Given  the  policy  of  protecting  the  research  character  of  Langley,  Lewis, 
and  Ames,  an  entirely  new  capability  for  the  unmanned  and  manned  space 
programs  had  to  be  built.  On  the  29  January  1959  organization  chart, 
Glennan  listed  under  the  Office  of  Space  Flight  Development,  as  space 
project  centers:  Jet  Propulsion  Laboratory',  Behsville  Space  Center,  Wal- 
lops Station,  and  Cape  Canaveral.15  Wallops  Station  had  been  an  arm  of 
the  Langley  Research  Center  and  would  now  be  devoted  to  a variety  of  test 
projects,  including  he  launching  of  sounding  rockets  and  the  Scout  satel- 
lite-launching vehicle.16  Cape  Canaveral,  of  course,  was  the  site  of  ■ e Air 
Force’s  East  Coast  missile  launching  facilities,  which  would  be  e>  ?.  aed  tc 
support  NASA,  as  well  as  military,  programs.  The  Jet  Propulsion  Labor' 
*ory  was  transferred  from  the  Army  to  NASA  by  executive  order  on  3 De 
cember  1958,  giving  NASA  a substantial  capability  for  spaceflight  develop- 
ment.17 By  mutual  agreement  JPL  was  steered  in  the  direction  of  lunar  and 
planetary  exploration.  The  Beltsville  Center— which  took  its  temporary 
name  from  its  location  on  surplus  government  land  near  the  Beltsville 
\gricultural  Center  in  Maryland — glow  out  of  planning  that  had  started 
before  NASA  was  activated.  This  center  was  to  provide  a satellite  research 
and  development  arm  for  the  agency.1*  On  the  first  of  May  1959,  just  a 
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week  after  construction  had  begun,  Glennan  announced  that  the  new  cen- 
ter would  be  called  the  Goddard  Space  Flight  Center  in  honor  of  Robert 
H.  Goddard.  By  September  the  first  building  was  fully  occupied.  The  cen- 
ter was  dedicated  on  16  March  1961.  Goddard,  the  Jet  Propulsion  Labora- 
tory, and  Wallops  Island  were  to  become  the  principal  NASA  centers  in  the 
space  science  program,  although  as  mentioned  earlier,  other  centers  con- 
tributed substantially. 


Stafhnc 

NASA’s  task  of  assembling  a team  for  the  space  program  was  helped 
immeasurably  by  being  able  to  build  on  the  NAGA  team.  Abe  Silva stein, 
brought  to  Was  ngton  by  Hugh  Dryden.  played  a key  role  in  the  pre- 
NASA  planning  and  in  getting  the  space  program  under  way.  His  imprint 
was  to  be  found  cm  most  aspects  of  the  program,  including  space  science. 

Abe  Siherstein  was  a hard-nosed,  highly  practical,  boldly  innovative 
engineer,  with  a solid  conviction — consistent  with  NACA  tradition — that 
all  research  had  to  have  a firm  justification  in  practical  applications  to 
which  it  would  ultimately  contribute.  Abe  had  come  from  the  position  of 
associate  director  of  the  Lewis  Propulsion  Laboratory  in  Cleveland  to 
NACA  Headquarters  to  help  plan  the  new*  NASA.  He  remained  a few  years 
to  head  NASA’s  Office  of  Space  Flight  Development  and  later  the  Office  of 
Space  Flight  Programs,  in  which  NASA’s  space  science  division  was  then 
located.  With  him  from  Lew  is  he  brought  a number  of  persons  who  were 
to  play  key  roles  in  NASA’s  management  structure:  Ldgar  M.  Cortright,  for 
many  years  deputy  in  the  Office  of  Space  Science  and  Applications  and 
later  director  of  the  Langley  Research  Center;  DeMarquis  D.  Wyatt,  a lead- 
ing figure  in  programming  and  budgeting  for  the  agency  ; and  George  M. 
Low,  who  took  over  the  Apollo  Project  Office  at  the  Manned  Spacecraft 
Center  after  the  tragic  Apollo  fire  at  Cape  Kennedy.  Still  later.  Low  became 
deputy  administrator  of  NASA.  Abe  also  drew  upon  other  cen:ers  in  NACA, 
selecting  Robert  Cilruth  of  Langley  to  manage  a manned  flight  Space  Task 
Group,  which  evolved  into  the  Manned  Spacecraft  Center,  subsequently 
renamed  the  Johnson  Space  Center.  From  the  Ames  Research  Center  he 
chose  Ham  Goeti  to  take  over  the  directorship  of  the  Goddard  Space  Flight 
Center  after  John  Townsend  had  that  enterprise  well  under  way. 

The  space  science  team  grew  largely  from  researchers  who  flocked  to 
NASA  from  other  agencies.  The  author’s  upper-air-research  colleagues  at 
the  Naval  Research  Laboratory  comprised  an  appreciable  number  of  these. 
Soon  after  transferring  to  NASA,  John  Townsend,  who  had  been  head  of 
rocket  sonde  research  at  NRL,  was  given  the  task  of  bringing  the  Bclts- 
ville  Space  Center  into  being.  Negotiating  with  the  director  of  the  Naval 
Research  Laboratory  , Townsend  worked  out  the  details  of  the  transfer  of 
additional  scientists  and  engineers  from  his  former  branch,  46  oJ  whom 
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were  placed  on  the  NASA  rolls  on  28  December  1959. 19  From  NRL  Town- 
send also  secured  temporary  housing  (or  the  new  NASA  group.  With  the 
members  of  Project  Vanguard  who  were  transferred  en  masse  by  President 
Eisenhower  on  1 October  1958,  these  employees  accounted  for  most  of  the 
original  staffing  of  the  center.  The  manned  flight  Space  Task  Group  at 
Langley  was « iministrauvely  assigned  to  the  Goddard  Space  Flight  Center 
for  a while,  but  before  anv  physical  transfer  took  place  the  group  was  sent 
to  Houston  in  1961  as  the  nucleus  of  the  Manned  Spacecraft  Center. 

When  Robert  Jastrow,  a physicist  interested  in  properties  of  the  upper 
atmosphere,  transferred  from  the  Nasal  Research  Laboratory  on  10  Novem- 
ber 1958,  he  immediately  set  to  work  helping  to  plan  the  future  space  sci- 
ence program.  An  attractive,  able  scientist,  Jastrow  quickly  earned  the  sup- 
port of  the  administrator's  office.  He  took  the  lead  in  developing  for  NASA 
a theoretical  space  sciences  group,  from  which  eventually  came  both  the 
Theoretical  Division  and  the  Institute  for  Space  Studies  of  the  Goddard 
Center.  Through  both  of  these  activities  Jastrow  was  instrumental  in  draw- 
ing a high  level  of  scientific  talent  into  the  agency,  either  onto  NASA  rolls 
or  as  visiting  scientists. 

Remaining  at  headquarters,  John  Clark  and  the  author  worked  with 
Morton  Stoller,  Edgar  Cortright,  and  other  NACA  people  to  build  up  a 
space  sciences  staff.  Nano  Roman  was  enticed  to  leave  the  Nasal  Research 
Laboratory  radio  astronomy  group  to  put  her  nand  to  developing  an  as- 
tronomy program  for  NASA.  To  help  plan  lunar  and  planetary  programs. 
Gerhardt  Schilling  shifted  over  from  the  Academy  of  Sciences,  where  he 
had  been  associated  with  the  International  Geophysicd  Year  and  Space 
Science  Board  staffs.  Robert  Fellcws,  a chemist,  came  from  Sprague  Elec- 
tric Company  to  join  in  planning  and  directing  the  upper-atmosphere 
research  program. 

Such  was  the  pattern,  but  by  no  means  the  full  accounting,  of  the  early 
space  science  staffing  of  NASA.  Those  who  had  been  pioneering  in  space 
research  and  development  swelled  the  rolls  of  workers  in  the  space  pro- 
gram. both  within  and  outside  of  NASA.  And  a great  many  of  these  were 
scientists  interested  in  taking  part  in  the  space  science  program. 

Program 

The  purpose  of  an  organization  and  staff  is  to  do  something.  Ideally 
one  should  know  what  that  something  is  before  try  ing  to  shape  an  organi- 
zation or  to  hire  people,  for  the  program  should  determine  how*  and  with 
whom  to  go  about  it.  In  practice  the  ideal  can  hardly  ever  be  attained.  In 
NASA  much  of  the  planning  had  to  be  done  as  the  agency  organized  itself 
and  hired  staff.  But  not  entirely,  because  NACA  people — and  others — had 
thought  a great  deal  about  what  should  be  included  in  the  space  program. 

In  anticipation  of  the  use  of  near-earth  satellites  for  geodesy,  during 
the  1950s  a number  of  groups  had  been  busily  engaged  in  preparatory 
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Table  1 

Pre-Sputnik  Ideas  for  Space  Projects 


Project 

Advocates 

Sounding  rocket  research 

Robert  Goddard.  Wernher  von  Braun.  Upper 
Atmosphere  Rocket  Research  Panel.  Rus- 
sians. 

Explorer-class  satellites 

Upper  Atmosphere  Rocket  Research  Panel. 
International  Geophysical  Year  socket  and 
satellite  groups. 

Geodetic  satellites 

Dirk  Brouwer.  Luigi  Jacchia.  R.  K.  C Johns. 
John  O'Keefe.  American  Geophysical  Union 
Committee  on  the  Geodetic  Applications  of 
Artificial  Satellites.  Upper  Atmosphere 
Rocket  Research  Panel. 

Bio&ateUitrs 

Heinz  Haber. 

Astronomical  satellites  {solar  and  stellar) 

Lyman  Spiuer.  Fred  Whipple.  Upper  Atmos- 
phere Rocket  Research  Panel. 

Weather  satellites 

Ham  Wexkr. 

Communications  satellites 

Arthur  Clarke. 

Manned  space  stations  and  orbital  bases 

Konstantin  Tsiolkovsky.  Hermann  Obrnh. 
Wernher  son  Braun.  Willy  Ley.  H.  E.  Ross. 

Interplanetary  manned  space  flight, 
including  manned  lunar  missions 

K.  E.  Tsiolkovsky.  W ember  von  Braun. 
A.  V.  Cleaver. 

studies  and  analyses.  Among  them  were  John  O'Keefe  of  the  Army  Map 
Service.  Luigi  Jacchia  of  Harvard,  Dirk  Brouwer  of  Yale,  and  their  col- 
leagues. For  the  International  Geophysical  Year  the  Smithsonian  Astro- 
physical  Observatory  had  taken  the  lead  in  developing  and  putting  into 
effect  plans  to  use  data  from  the  IGY  satellite  camera  network.  As  an  out- 
growth of  an  informal  committee  organized  at  the  suggestion  of  R.  K.  C. 
Johns,  the  American  Geophysical  Union  Committee  on  the  Geodetic  Ap- 
plications of  Artificial  Satellites  kept  geodesists  informed  of  the  possibili- 
ties of  the  new  tools.  A committee  report  issued  in  September  1958  shows 
that  considerable  thought  had  been  given  to  the  subject.20 

As  early  as  21  November  1957  the  National  Advisory  Committee  for 
Aeronautics  had  voted  to  establish  a Special  Committee  on  Space  Tech- 
nology.21 Chaired  by  H.  Guyford  Stever.  dean  of  the  Massachusetts  Insti- 
tute of  Technology,  the  committee  included  several  members  from  the 
Rocket  and  Satellite  Research  Panel,  such  as  James  A.  Van  Allen,  its  chair- 
man; Wernher  von  Braun,  leader  of  the  German  missile  experts  working 
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(or  the  Army  Ballistic  Missile  Agency  in  Huntsville,  Alabama;  and  William 
Pickering,  director  of  the  Jet  Propulsion  Laboratory.  The  committee, 
assisted  by  a number  of  specialized  subcommittees,  formulated  a space 
research  program.  Although  the  report,  completed  on  28  October  1958  after 
NASA  was  already  operating,  never  was  published,  NACA  people  had  had 
the  benefit  of  the  thinking  of  the  committee  and  its  various  subgroups  on  a 
wide  variety  of  subjects,  including  technology,  space  applications,  the 
physical  and  life  sciences,  and  manned  spaceflight.** 

With  respect  to  manned  spaceflight,  both  NACA  and  military  agencies 
had  been  very  active.  NACA’s  prospective  thinking  in  February  of  !958  had 
envisioned  the  travel  of  man  to  the  moon  and  nearby  planets.  During  the 
summer  of  1938  the  Advanced  Research  Projects  Agency  was  besieged  w ith 
requests  for  support  of  Air  Fora1*  and  Army  manned  spaceflight  proposals. 
But  shortly  after  the  passage  of  the  NASA  Act  of  1958.  President  Eisen- 
hower assigned  the  new  agency  the  tesponsibility  for  manned  spaceflight. 
In  mid-September  Administrator  Glen  nan  and  Roy  Johnson,  head  of  the 
Advanced  Research  Projects  Agency,  agreed  that  the  two  agencies  should 
work  together  on  a man-in-space  program,  and  to  coordinate  the  activity 
thev  established  a joint  Manned  Satellite  Panel.*5  Robert  Gilruth.  w ho  was 
to  be  a key  figure  in  the  Mercury*.  Gemini,  and  Apollo  programs,  was 
chairman.  By  virtue  of  this  spade  work.  NASA  was  ready  only  one  week 
after  its  opening  to  proceed  formally  with  Project  Mercury,  the  nation's 
first  manned  spaceflight  mission.24 

The  roots  of  the  space  science  program  went  at  least  as  deeply  into  the 
past  as  did  those  of  the  manned  spaceflight  program.  Iaking  o\er  the 
Vanguard  program,  assuming  responsibility  for  much  of  the  nation’s 
sounding  rocket  research,  and  acquiring  the  Pioneer  deep-space  probe's 
from  the  Air  Force.  NASA  had  an  ongoing  space  science  program  from  its 
first  day.  Building  on  these*  activities  and  drawing  upon  their  own  expe- 
riences of  the  past  decade,  ihe  rocket  researc  h scientists  who  had  come  into 
NASA  were  able  to  put  together  a plan  that  described  in  a general  way 
what  NASA  would  be  doing  in  space  science  for  the  next  two  decades.  The 
shape  of  the  emerging  program  was  evident  in  NASA’s  first  hearings  before 
Congress.25 

To  trace  the  evolution  of  the  space  science  program  in  the  thinking  of 
the  NASA  planners  is  interesting.  A sheaf  of  working  papers  in  the  NASA 
files  for  January  1959  gives  an  overall  summary  of  ihe  space  science  pro- 
gtain  as  envisioned  at  that  time*. 26  The  program  was  described  in  terms  of 
the  different  scientific  discipline's  to  which  space  research  could  contribute — 
for  example:  |xtrticles  and  fields,  astronomy,  atmospheres,  and  ionospheres. 
A more  formal  document,  10  February  1959,  elaborated  further,  listing  at- 
mospheres, ionosphere's,  energetic  particles,  electric  and  magnetic  fields, 
and  astronomy  as  areas  of  research  within  the  NASA  space  science  pro- 
gram.27 Within  the  larger  categories  was  a detailed  breakdown. 
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Atmospheric  research  had  been  a major  part  of  the  sounding  rocket 
work  of  the  past  decade  (chap.  6).  It  investigated  the  principal  properties  of 
the  earth's  atmosphere,  such  as  the  pressure,  temperature,  density,  and 
composition  of  the  atmosphere  as  a function  of  height  and  geographic 
location.  Particularly  important  were  the  variations  of  these  quantities 
with  time,  especially  the  variations  caused  by  solar  influences.  With  the 
prospect  of  sending  spacecraft  to  other  planets  the  comparative  study  of 
different  planetary  atmospheres  would  be  immeasurably  aided.  Among  the 
important  so*ar  influences  to  study  were  those  causing  atmospheric  mole- 
cules to  become  ionized  forming  electrified  regions  known  collectively  as 
the  ionosphere.  Again,  with  the  possibility  of  including  other  planets,  the 
plural  ionospheres  was  used.  Energetic  particles  referred  to  planetary  radia- 
tion belts,  radiations  in  the  interplanetary  medium,  and  cosmic  rays.  Elec- 
tric and  magnetic  fields  in  the  upper  atmosphere  and  space  would  be  im- 
portant aspects  of  relationships  between  the  sun  and  the  earth,  and  pre- 
sumably other  planets  as  well.  There  was  considerable  interest  in  studies  erf 
gravitational  fields  in  connection  with  geodesy  and  the  celestial  mechanics 
of  the  solar  system  and  particularly  for  investigation  of  various  theories  of 
relativity,  for  which  it  was  agreed  that  satellites  should  be  very  effective. 
The  areas  of  astronomy  were  the  familiar  ones  of  sun,  moon,  planets,  and 
stars.  With  satellites  measurements  could  be  made  in  ultraviolet,  x-ray,  and 
other  wavelengths  that  could  not  be  observed  at  the  ground. 

Amplifying  the  general  description  of  the  program  were  several  pages 
devoted  to  specific  problems  ripe  for  attack.  For  example,  under  atmos- 
pheres one  asked  what  were  die  primary  sources  of  energy  affecting  the 
high  atmosphere,  and  what  was  the  relationship  ot  the  Great  Radiation 
Belt  to  the  heating  of  the  upper  atmosphere.  A question  that  was  still  not 
answered  a decade  later  concerned  the  precise  relations  between  the  earth's 
surface  meteorology  and  the  u?>per  atmosphere.  Of  particular  importance 
was  the  problem  of  learning  in  detail  exactly  how  the  sun  exerted  its  influ- 
ence on  the  atmospheres  of  the  earth  and  planets.  For  ionospheric  studies 
it  was  regarded  as  important  to  obtain  details  on  the  structure  of  the  high- 
est regions.  Of  especial  interest,  one  looked  forward  to  the  study  of  other 
planetary  ionospheres.  Typical  among  the  problems  under  energetic  parti- 
cles and  magnetic  fields  were  those  in  pinning  down  exactly  how  solar 
particles  behaved  in  the  vicinity  of  planets  and,  in  particular,  how  the 
aurora  was  generated.  Tnder  gravitational  fields  the  first  problem  was  to 
get  a detailed  analysis  of  the  earth’s  field  into  its  various  components,  since 
from  this  would  flow  the  solution  of  many  other  problems.  Likewise  one 
looked  forward  to  determining  the  gravity  fields  of  other  planets.  In  as- 
tronomy, the  first  problem  was  to  learn  the  spectral  emissions  of  the  sun, 
stars,  and  interstellar  medium.  This  selec  tion  of  existing  problems  is  onlv 
illustrative. 
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Even  more  detail  could  be  found  in  a second  document  of  February 
1959  entitled  “The  United  States  National  Space  Sciences  Program/*  which 
added  biosciences  to  the  list  of  space  science  areas.**  Of  particular  interest 
was  the  indication  that  working  groups  would  be  established  immediately 
in  half  a dozen  program  areas,  others  later  as  needed.  The  evolution  of  the 
idea  of  working  groups  as  a means  of  drawing  outside  scientists  into  the 
program  will  be  discussed  in  some  detail  in  chapter  9. 

A five- page  paper  erf  30  March  1959  elaborated  on  plans  for  a biosci- 
ences program,  including  the  establishment  of  working  groups  in  the  area. 
By  mid- April  a paper  titled  "National  Space  Sciences  Program,”  plainly  a 
derivative  from  the  4 February  document,  showed  clearly  the  directions  the 
program  was  taking.*9  Although  this  was  only  half  a year  after  NASA 
began,  the  agency  would  follow  those  directions  for  the  next  decade. 

This  early  thinking  erf  NASA  was  reflected  in  the  report  the  National 
Academy  of  Sciences  made  to  the  international  Committee  on  Space  Re- 
search at  its  second  meeting  held  at  The  Hague,  12-14  March  1959.  In  this 
report  the  breakdown  of  NASA's  February  working  papers  was  folio  ved.w 

Quite  properly  the  planning  began  with  a consideration  of  the  scien- 
tific objectives  to  pursue,  a listing  of  the  important  areas  of  research,  and 
an  assessment  of  the  significant  problems  to  attack.  One  can  see  this  ap- 
proach in  the  NASA  documents  of  the  first  half  of  1959.  But  a program — by 
which  is  meant  a long  term,  continuing  endeavor  of  rather  broad  general 
objectives — must  be  carried  out  in  discrete  steps.  In  NASA  parlance  such 
discrete  steps  were  called  projects.  Thus,  the  astronomy  program , which 
was  to  investigate  the  universe  from  above  the  atmosphere,  might  be  ex- 
pected to  continue  as  long  as  space  techniques  could  produce  significant 
new*  information,  and  there  was  no  foreseeable  end  to  that.  But  a satellite 
project  to  measure  gamma  rays  from  the  depths  of  the  galaxy — which  most 
certainly  would  further  the  astronomy  program  by  shedding  light  on  ener- 
getic processes  in  the  galaxy — would  be  of  limited  duration,  long  enough 
to  prepare,  fly,  and  operate  the  satellite,  and  interpret  the  data  obtained. 

Even  as  NASA's  program  plans  were  being  developed,  the  agency 
started  numerous  projects  to  conduct  investigations  ranging  over  the  dif- 
ferent areas  of  space  science.  In  reporting  on  the  program,  then,  it  soon 
became  possible  to  list  ongoing  projects  in  which  the  nation's  scientists 
were  participating.  In  April  1960  NASA's  report  on  the  space  science  pro 
gram  could  go  far  beyond  the  generalities  of  the  papers  developed  in  early 
1959.31  The  various  parts  of  the  program  were  integrated  under  a few  broad 
objectives;  namely,  to  learn  more  about  sun-earth  relationships,  the  origin 
of  the  universe  and  the  solar  system,  and  the  origin  of  life.  The  specific 
disciplines  supporting  the  broad  objectives  were  given  as  aeronomy,  ion- 
ospheres. energetic  particles,  magnetic  fields,  astronomy,  gravitational 
fields,  lunar  sciences,  planetology  and  interplanetary  sciences,  and  micro- 
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meteorites  and  cosmic  dust.  The  similarity  to  the  earlier  breakdown  is  evi- 
dent, although  a few  new  terms  appear.  Replacing  atmospheres  was  agr- 
onomy. a term  coined  by  Sydney  Chapman  during  the  1950s  from  the 
Greek  words  meaning  “laws  of  the  air/*  The  term  planetology  had  been 
introduced  to  mean  the  study  of  the  body  of  a planet  as  distinguished  from 
the  investigation  of  its  atmosphere  and  ionosphere.  It  was  felt  that  dust  in 
space  might  be  an  important  factor  in  studying  the  origin  and  evolution  of 
planetary  systems  and  in  designing  spacecraft  for  interplanetary'  flight, 
hence  the  prominence  given  to  it.  Microineteorites  were  simply  cosmic  dust 
panicles  that  struck  another  body  such  as  the  earth  or  a spacecraft. 

In  the  April  1960  paper  a great  deal  of  detail  could  be  given  on  protects 
to  support  the  various  programs,  lender  each  of  the  above  disciplinary' 
categories  were  listed  physical  parameters  to  be  measured,  instruments  to 
be  used,  experimenters  responsible,  and  sounding  rockets,  satellites,  or 
space  probes  to  be  employed.  For  example,  under  aerbnomy  the  SO- meter 
sphere  of  thin  metallized  plastic  constructed  by  William  O’Sullivan  of 
Langley  Research  Center  was  listed  as  a sounding  rocket  experiment  to 
measure  upper-atmosphere  densities.  The  sphere  would  be  carried  aloft, 
ejected  at  altitude,  and  inflated.  Accurate  measures  of  the  air  drag  on  the 
falling  sphere  would  give  the  desired  densities.  O’Sullivan' ’s  sphere  was  the 
forerunner  of  the  Echo  passive-communications  satellite  launched  on 
1 August  I960,  which  observers  around  the  world  were  able  to  follow  w ith 
the  naked  eye. 

l/nder  energetic  panicles  the  document  had  a long  list  of  experiments 
on  radiation  belts  and  the  magnetosphere,  some  of  them  having  already 
been  carried  out  successfully.  For  the  related  area  of  magnetic  fields.  Pio- 
neer > was  shown  as  hav  ing  been  launched  into  deep  space  in  March  I960. 
Radio,  gamma-ray,  solai.  and  stellar  astronomy  projec  ts  were  in  the  works, 
and  a solar  observatory  satellite  was  actually  under  development.  A consid- 
erable amount  of  work  was  indicated  as  under  way  in  gravitational  fields, 
relativity  , and  geodesy.  A series  of  lunar  probes  was  also  listed. 

From  this  point  on.  the  space  science  program  evolved  pretty  much 
along  the  lines  already  established.  A continuing  effort  to  keep  a spark  of 
life  in  the  planning  recast  the  program  objectives  in  different  words  from 
time  to  tune.  For  example,  in  March  1961  the  principal  areas  in  the  space 
science  program  vvete  grouped  under  the  headings:  the  earth  as  a planet, 
the  earth’s  atmosphere,  solar  activity  and  its  influence  on  the  earth,  origin 
and  history  of  the  moon  and  planets,  and  the  nature  of  the  stars  and  galax- 
ies/* By  the  mid-1960s,  when  NASA  made  a sjxt  ial  effort  in  its  authoriza- 
tion hearings  to  present  the  broad  perspective  of  the  space  science  program, 
the  principal  categories  had  been  reduced  to  two:  exploration  of  the  solar 
system  and  investigation  of  the  universe.  Flaboraiing  on  these  objectives 
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the  author  stated  to  the  Senate  Committee  on  Aeronautical  and  Space  Sci- 
ences: 

The  first  category  includes  the  investigation  of  our  Earth  and  its  atmos- 
phere, the  Moon  and  planets,  and  the  interplanetary  medium.  The  nature 
and  behavior  of  the  Sun  and  its  influence  on  the  solar  system,  especially  on 
the  Earth,  are  of  prime  importance.  With  the  availability  of  space  techniques, 
we  are  no  longer  limited  in  direct  observations  to  a single  body  of  the  solar 
system,  but  may  now  send  our  instruments  and  even  men  to  explore  and 
investigate  other  objects  in  the  solar  system.  The  possibility  of  comparing 
the  properties  of  the  planets  in  detail  adds  greatly  to  the  power  of  investiga- 
tion of  our  own  planet.  Potentially  far-reaching  in  its  philosophical  implica- 
tions. is  the  search  for  life  on  other  planets. 

The  fundamental  laws  of  the  universe  in  which  we  live  are  the  most 
important  objects  of  scientific  search.  Spine  techniques  furnish  a most  pow- 
erful means  of  probing  the  nature  of  the  universe,  by  furnishing  the  oppor- 
tunity to  observe  and  measure  from  above  the  Earth's  atmosphere  in  wave- 
lengths that  cannot  penetrate  to  the*  ground.  There  is  also  the  opportunity  to 
perform  experiments  on  the  scale  of  the  solar  system  using  satellites  and 
space  probes  to  study  relativity,  to  delve  into  the  nature  of  gravitation,  in- 
cluding the1  searc  h for  the1  existence  of  gravitational  waves.55 

However  expressed,  the  basic  substance  of  the  program  was  remarkably 
stable. 

In  contrast  to  the  overall  program,  one  would  expect  the  projects  to 
change  considerably  as  the  years  went  by.  But  even  here  many  projects  had 
their  origins  in  the  thinking  of  the  first  few  years.  Table  2 lists  the  major 
space  science,  or  sc  ience-related,  projec  ts  up  to  inid-1968.  For  each  project 
the  dollar  symbol  indicates  the  first  fiscal  year  in  which  money  was  specifi- 
cally charged  against  the  project,  although  money  from  supporting  re- 
search or  other  general  sources  most  likely  had  been  spent  earlier  in  ex- 
ploratory work  on  the  project.  In  some  cast's  an  asterisk  is  inserted  to  show 
how  much  earlier  serious  consideration  of  such  a project  had  been  under 
way.  Of  the  25  projects  named,  22  ;or  88  percent)  were  under  way  by  mid- 
1962  in  the  sense  that  costs  were  being  formally  charged  to  them.  More 
than  three-quarters  of  the  projects  were  begun  or  were  being  seriously  con- 
sidered during  Glennans  tenure. 

Considering  the  rapid  development  of  the  NASA  program — on  all 
fronts  as  well  as  in  s|xue  science — and  the  wide  range  of  projects,  includ- 
ing launch  vehicle  development  to  be  discussed  later,  that  were  sea  in  mo- 
tion during  Glennan  s term  of  office,  it  seems  dear  that  the  first  adminis- 
trator must  be  given  the  credit  for  setting  NASA  on  the  course  that  it  fol- 
lowed for  the  next  decade.  Nevertheless,  as  he  himself  stated.  Glennan  was 
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Table  2 

First  Recorded  Direct  Obligations 
to  Space  Science  or  Related  Projects 

(by  fiscal  year) 


Project 


1959 


1960s 

0 1 2 5 4 5 6 


Sounding  rockets  $ 

Vanguard 9 

Explorers $ 

Physics  and  astronomy  advanced 

research  ! 

Lunar  and  planetary  advanced 

research  $ 

Bioscience  advanced  research $ 

Manned  space  science  advanced 

research  

Orbiting  solar  ohserv  atones  • 9 

Advanced  orbiting  solar 

observatories  S 

Orbiting  astronomical  observatories 9 

Orbiting  geophysical  observatories 9 

International  satellites  9 

Pioneer 9 

Ranger  9 

Surveyor  9 

Surveyor  Orbiter  

Lunar  Orbiter  9 

Mariner  9 

Vovagert • 

Scout  development 9 

Centaur  development  9 

Delta  development  9 

Mercury  9 

Gemini  9 

Apollo  9 


9 


9 


9 


vnnu-t:  Jane  Van  Nimmen  and  Leonard  C Bruno  with  Robert  L.  Rosholt.  NASA  Historical  Data 
Book , vol.  I.  NASA  Resources . NASA  SP-4012  (Washington  !97 ft),  pp.  136-48.  By  the  time 

a specific  project  appears  as  such  in  the  financial  records,  generally  a considerable  amount  of  time 
(sometimes  years)  has  been  spent  on  advanced  planning  and  research  to  lay  the  groundwork  for  the 
project. 


# = already  under  consideration. 

$ = first  record  of  direct  obligations, 
t = never  finished. 
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no  “space  cadet."  His  was  just  the  right  balance  of  conservatism  and  inter- 
est in  space  to  make  him  congenial  to  President  Eisenhower  and  acceptable 
to  the  Congress.  “Thus,  with  strong  support,  when  it  was  needed,  from 
Eisenhower  the  Administrator’s  Office  . . . with  pushes— strong  pushes — 
from  Abe  Silverstein  and  believable  and  solid  advice  from  Newell  and 
others — and  strong  pushes  from  the  Congress — set  the  pace.”34  It  may  be 
said  that  Glennan  set  a strong  but  measured  pace. 

The  effect  can  be  discerned  in  the  methodical  way  in  which  the  space 
science  program  was  made  to  unfold.  NASA’s  first  and  natural  step  was  to 
extend  the  sounding  rocket  work,  and  the  Pioneer  deep-space  investiga- 
tions already  under  way.  The  modest  step  from  those  to  solar  and  astro- 
nomical observatories  came  next,  although  the  Orbiting  Astronomical  Ob- 
servatory proved  to  be  a much  bigger  bite  than  the  space  science  managers 
had  imagined.  The  investigation  of  the  moon  would  be  much  more  de- 
manding and  costly  than  near-earth  missions,  and  a serious  commitment 
to  a lunar  science  program  came  more  slowly,  even  though  Harold  Urey. 
N’obel  Laureate  and  renowned  student  of  the  moon  and  planets,  had  begun 
tr  press  for  such  a program  in  the  first  few  months  of  NASA’s  existence.55 
Also,  to  maintain  what  he  considered  the  right  pace,  Glennan  for  a while 
show’ed  a reluctance  to  discuss  planetary  missions  except  as  plans  for  later, 
for  the  more  distant  future. 

But  "later”  was  not  long  in  coming,  as  table  2 makes  clear.  Before 
Glennan  left  office  NASA  was  engaged  in  space  science  projects  that  took 
in  not  only  the  earth  and  its  environs,  but  also  the  moon  and  planets,  the 
sun.  and  even  the  distant  stars.  One  may  surmise  that  Glennan.  exposed  to 
the  pressures  from  both  within  and  without  the  agency,  and  perhaps  him- 
self caught  up  in  the  enthusiasm  of  those  around  him.  moved  more  rapidly 
than  he  had  originally  intended.  At  any  rate,  he  turned  over  to  his  succes- 
sor. James  E.  Webb,  a well  rounded  program,  well  under  way. 

By  the  time  Webb  took  office,  the  course  of  the  space  program  for  the 
next  decade  has  been  set.  Even  Apollo,  under  study  since  the  start  of  NASA, 
had  been  commended  to  President  Eisenhower  in  the  last  months  of  the 
Republican  administration.  Though  Eisenhower  did  not  approve,  the  ideas 
were  there  ready  to  be  seized  when  President  Kennedy  came  to  feel  that  the 
successful  accomplishment  of  an  extremely  challenging  space  mission 
would  be  important  to  U.S.  prestige.  The  renewed  sense  of  urgency  that 
the  Apollo  decision  bestowed  on  the  space  program  made  Webb's  task  one 
of  loosening  the  shackles  imposed  by  the  previous  administration  and  step- 
ping up  the  pace.  But  the  program  content  was  already  there.  Thus.  Apollo 
and  Gemini  may  be  looked  upon  as  super  projects  designed  to  pursue  an 
already  existing  program  with  greater  vigor. 

In  this  climate  the  space  science  managers  put  together  plans  to  ex- 
pand their  program.  On  22  May  1961  the  Space  .Sciences  Steering  Commit- 
tee, which  consisted  of  NASA's  principal  space  science  program  managers. 
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met  with  selected  consultants  to  review  the  proposed  expansion.56  The  con- 
sultants represented  a cross  section  of  the  disciplines  of  space  science:  Dirk 
Brouwer  of  Yale  (astronomy),  Joseph  W.  Chamberlain  erf  Yerkes  Observa- 
tory (atmospheric  sciences  and  planetary  astronomy),  Robert  A.  Helliwell 
of  Stanford  (radio  physics),  Harry  H.  Hess  of  Princeton  (geophysics  and 
geology),  Bruno  B.  Rossi  of  the  Massachusetts  Institute  of  Technolo  f 
(high-energy  physics  and  x-ray  astronomy),  and  Harold  C.  Urey  of  the 
University  of  California  at  San  Diego  (lunar  and  planetary  science).  The 
group  endorsed  the  expansion  of  the  program  proposed  by  NASA  and 
emphasized  a number  of  exciting  researches  to  pursue,  including  the  moon’s 
gravity,  the  almost  nonexistent  lunar  atmosphere,  solar  radiations,  the  vi- 
cinity of  the  sun  as  close  as  16000000  km  from  the  solar  surface  (one-tenth 
the  distance  from  the  sun  to  the  earth),  and  micrometeoric  particles  in 
space.  In  characteristic  fashion  the  scientists  favored  large  numbers  of  small 
spacecraft  for  investigating  the  vicinity  of  the  earth  and  heartily  endorsed 
small  grants  from  NASA  to  large  numbers  of  universities  for  basic  research. 
They  recommended  that  serious  consideration  be  given  to  a proposal  from 
General  Motors  for  obtaining  by  unmanned  methods  a sample  of  material 
from  the  moon. 

By  the  following  autumn  NASA  had  moved  forward  substantially  in 
the  expansion  of  its  program  and  was  beginning  to  feel  the  need  for  a full- 
scale  exchange  with  the  scientific  community  on  the  content  and  course  of 
the  program.  The  Academy  of  Sciences  w as  requested  to  organize  a study 
of  the  space  science  program,  which  the  Space  Science  Board  agreed  to  do.57 
The  study  w ould  be  conducted  during  the  summer  of  1962;  the  program  to 
be  reviewed  was  described  by  the  author  at  the  NASA  management  confer- 
ence held  at  the  Lewis  Research  Center  on  11  January  1962. 5S  In  the  pro- 
gram were  sounding  roc  kets,  satellites,  and  space  probes.  The  Scout,  Della, 
Agena,  and  Centaur  rockets,  to  be  discussed  in  chapter  10,  were  included. 
Spacecraft,  also  to  be  taken  up  in  chapter  10,  included  a variety  of  Ex- 
plorers: solar,  geophysical,  and  astronomical  observatories;  the  lunar  space- 
craft Ranger  and  Surveyor;  and  Mariner  planetary  spacenraft.  Some  advance 
thinking  about  a spacecraft  for  a bioscence  program  was  mentioned.  The 
scientific  fields  were  those  already  mentioned.  Geodesy  was  described  as 
important  but  stymied  by  difficulties  over  classification.  An  international 
cooperative  program  including  many  of  the  disciplines  was  well  under 
way.  What  would  be  of  special  interest  to  the  summer  study  participants 
was  the  university  program,  which  in  January  of  1962  was  rapidly  increas- 
ing. The  author’s  report  listed  university  program  funding  as  $3  million 
for  fiscal  1959,  $6  million  for  fiscal  1960,  and  $14  million  for  fiscal  1961 
(the  fiscal  year  beginning  July  1 preceding  the  corresponding  calendar 
year).  In  fiscal  1962  plans  were  to  use1  $28  million  on  research  projects  in 
universities.  largely  flight  experiments,  plus  $12  million  for  support  of 
graduate  training  in  space  related  fields,  research  fac  ilities  on  university 
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campuses,  and  grants  for  research  of  a more  general  nature  than  the  spe- 
cific flight  projects.  Space  science  managers  projected  a university  program 
growing  in  the  future  to  $100  million  a year  in  projects  and  about  $70 
million  a year  in  the  broader  grant  program — a growth  that  was  only 
about  half  realized  in  the  1960s. 

In  shoa  order  NASA’s  new  team  of  leaders,  which  included  many  of 
the  NACA’s  top  people,  remade  the  organization  and  activities  acquired 
from  the  National  Advisory  Committee  for  Aeronautics  into  a National 
Aeronautics  and  Space  Administration  as  called  for  in  the  NASA  Act  of 
1958.  As  the  new  agency  organized,  developed  its  staff,  and  built  its  new 
facilities,  NASA  started  the  space  science  program  along  the  lines  that 
would  be  followed  for  the  next  decade.  The  rapidity  with  which  this  was 
done  was  both  a tribute  to  the  NASA  team  and  convincing  eviderce  that  a 
strong  base  had  existed  on  which  to  build  in  a number  of  areas,  including 
space  science.  The  thoroughness  of  the  early  work  would  be  attested  to  by 
the  fact  that  during  the  next  decade— though  the  pace  would  be  increased— 
little  that  was  new  would  be  added  to  the  program. 


External  Relations 


To  provide  an  organization  for  handling  relations  within  NASA  was 
not  enough.  In  a program  that  clearly  would  involve  more  people  outside 
NASA  than  in,  and  in  which  numerous  other  agencies  would  have  strong 
interests,  NASA  had  to  devise  mechanisms  for  a variety  of  external  rela- 
tions. During  Glennan’s  29  months  as  administrator  a considerable  amount 
of  management  time  was  devoted  to  such  matters.1  Some  of  the  arcange- 
ments  worked  out  concerned  space  science. 


Department  of  Defense 

Congress  had  shown  great  concern  over  how  to  ensure  proper  coordi- 
nation between  the  civilian  and  military'  sp,  ^vograms.  Space  science  was 
one  of  the  areas  of  mutual  interest  between  NASA  and  the  Defense  Depart- 
ment. Sounding  rocket  research  had  been  supported  by  the  military  services 
during  the  J940s  and  1950s,  and  the  services  had  participated  in  the  scien- 
tific satellite  program  of  the  International  Geophysical  Year.  The  potential 
military  applications  (p.  41)  were  adequate  motivation  for  such  activity, 
and  there  was  no  reason  to  suppose  that  the  creation  of  a civilian  space 
program  would  end  military  interest. 

Most  of  the  space  >cientists  who  came  to  NASA  in  the  fall  of  1958  had 
been  associated  with  the  Army,  Navy  or  Air  Force  rocket  or  satellite  re- 
search programs.  Their  long-standing  personal  associations  with  people  in 
the  Department  of  Defense  made  coordinating  the  two  programs  relatively 
easy.  The  Civilian-Military  Liaison  Committee  was  too  far  removed  from 
the  day-to-day  action  to  be  as  effective  as  informal  personal  contacts  were. 
Th^se  personal  contacts  gradually  led  to  a more  formal  arrangement.  On  4 
May  1959  a meeting  on  the  subject  was  held  iti  the  office  of  Herbert  York, 
director  of  defense  research  ana  engineering.  Attending,  in  addition  to 
York,  were  Samuel  Clements  and  John  Macauley  of  Defense,  and  John 
Clark,  N.  Manos,  and  the  author  from  NASA.  The  participants  agreed  to 
set  up  a 10-man  group  with  5 members  from  each  organization  and  to 
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mm  monthly  to  exchange  information.  Named  the  N ASA-DaD  Space  Sci- 
ence Committee,  the  coordinating  group  under  the  chairmanship  of  the 
author  held  its  first  meeting  at  NASA  Headquarters  on  11  August  1959.*  A 
month  later,  when  Defense  and  NASA  established  the  Aeronautics  and 
Astronautics  Coordinating  Board,  the  Space  Science  Committee  was  re- 
named the  Unmanned  Spacecraft  Panel  of  AACB.’ 

The  deliberations  of  the  Unmanned  Spacecraft  Panel  were  anything 
but  monotonous.  The  panel  quickly  developed  a mechanism  for  routinely 
tabulating,  updating,  and  exchanging  a great  deal  of  information  on  space 
projects  in  the  civilian  and  military  programs.4  Since  it  was  unnecessary  to 
devote  the  time  of  the  panel  meetings  to  routine  coordination,  attention 
could  more  easily  be  given  to  special  problems.  The  problems  varied  widely 
in  substance  *nd  seriousness.  One  of  the  first  was  the  question  of  how 
much  space  science  the  military  would  do.  Many  NASA  members  felt  that 
the  military  services  should  look  to  NASA  (or  their  space  science  needs  and 
devote  themselves  to  researches  specifically  related  to  military  applications. 
With  this  position  the  services  violently  disagreed,  insisting  that  they  had 
to  be  working  in  science  to  make  the  most  effective  applications  of  the 
science  results.  The  author  agreed  with  this  position  and  had  to  take  a bit 
of  flak  from  his  own  colleagues,  because  they  feared  that  arguments  over 
duplication  of  effort  might  compromise  the  NASA  program.  Dry  den  agreed 
that  it  was  not  reasonable  to  try  to  stand  in  the  way  of  a Defense  Depart- 
ment space  science  program,  particularly  because  of  the  benefit  to  military 
applications  The  dispute  was  eventually  turned  in  the  direction  of  en- 
suring. by  careful  coordination,  that  the  military  and  civilian  space  science 
work  did  not  bring — in  the  jargon  of  the  day — “wasteful  duplication  ” 

More  serious  were  the  disputes  over  questions  of  military  classification. 
Such  problems  arose  in  connection  with  accurate  observations  of  the 
earth's  surface  and  in  geodesy  . Earth  observations  were  directly  related  to 
military  interest  in  reconnaissance  and  surveillance,  and  intelligence  agen- 
cies were  sensitive  about  revealing  either  their  interest  or  national  capabili- 
ties in  tire  field.5  Applications  people  ran  into  this  problem  first  in  connec- 
tion with  w.ather  pictures  of  rather  gross  resolution  that  were  obtained 
from  the  Tiro*  weather  satellites.  There  was  concern  over  possible  interna- 
tional sensim.  * to  U.S.  satellite  photography  of  foreign  territories — even 
at  resolutions  of  no  better  than  400  to  800  meters.*  Some  feared  that  inter- 
national reaction  might  precipitate  a confrontation  that  could  compromise 
U.S.  ability  to  pursue  legitimate  defense  interests  in  earth  observations. 
This  controversy  was  heightened  in  the  late  1960s  when  NASA  and  other 
agencies  began  to  push  earth-resource  survey  s of  much  finer  resolution.7 

The  space  scientists  also  had  their  bouts  with  classification  problems. 
The  most  knotty  had  to  do  with  geodesy,  the  science  of  measuring  the 
earth.  The  accuracy  with  which  the  gravitational  field  could  be  measured 
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and  analysed  intc  its  various  components— or  harmonics,  as  they  are 
called— was  important  in  determining  the  tiv  and  shape  of  the  earth,  the 
distribution  of  mass  in  the  earth’s  crust,  and  stresses  within  the  mantle 
below  the  crust.  But  such  data  were  also  essential  for  accurate  guidance  of 
long-range  missiles.  To  the  scientists  the  precise  location  of  different 
points  on  the  earth's  surface  relative  to  each  other  was  vital  for  checking 
newly  emerging  theories  about  the  movement  of  the  earth’s  crust.  But  to 
the  military  those  data  would  determine  the  position  of  potential  military 
targets  relative  to  missile  launching  areas.  The  conflict  was  fundamental. 
The  scientists  needed  such  information  for  their  research  and  during  the 
International  Geophysical  Year  had  entered  into  worldwide,  multi- 
national, cooperative  programs  for  making  geodetic  measurements  from 
observations  of  IGY  satellites.  The  IGY  program  had  naturally  extended 
into  the  NASA  program  and  along  with  it  went  the  tacit  assumption  that 
the  scientific  data  obtained  would  be  available  to  all  participants.  Indeed, 
as  with  all  the  IGY  programs,  the  results  Here  to  be  published  in  the  open 
literature. 

This  polio  was  painful  to  the  military  people,  who  fell  that  data  of  such 
vital  military  significance  should  be  kept  under  wraps  and  potential  ene- 
mies forced  to  expend  similar  efforts  to  obtain  the  information.  A muddle 
of  exchanges  began  between  NASA  and  DoD  cm  the  subject.  Geodetic 
scientists  complained  about  footdragging.  At  the  March  1960  meeting  of 
the  Space  Science  Board.  George  YVoollard  urged  NASA  to  start  at  once  on 
the  preparation  of  a satellite  specifically  for  geodesy.  A little  over  half  a 
year  later,  the  Aeronautics  and  Astronautics  Coordinating  Board  was  still 
discussing  how  NASA  might  obtain  geodetic  data  for  the  scientific  com- 
munity.* On  14  November  the  Department  of  Defense  announced  that  the 
Army.  Navy,  NASA,  and  Air  Force  were  jointly  building  a geodetic  satel- 
lite.* In  that  same  period  Deputy  Administrator  Hugh  Dry  den  was  seeking 
clarification  from  the  Academy  of  Sciences  as  to  exactly  what  intemrtional 
commitments  regarding  open  publication  of  geodetic  data  the  United 
States  had  entered  into.  In  reply  he  received  a pile  of  paper  three  centime- 
ters thick  showing  that,  internationally,  there  was  a general  undemanding 
that  the  United  States  would  publish  data  from  its  IGY  satellites  that  could 
be  used  for  geodetic  studies,  with  the  necessary  information  on  the  precise 
location  of  tracking  stations.10 

The  joint  satellite,  which  acquired  the  name  Anna  from  the  initials  of 
the  cooperating  agencies,  did  not  end  tlie  controversy  over  classification. 
The  rumblings  readier’  the  ears  of  Congressman  Joseph  karth,  chairman 
of  the  Space  Science  and  Applications  Subcommittee  of  NASA's  authoriz- 
ing committee  in  the  House  of  Representatives.  He  plunged  into  a series  of 
hearings  on  the  subject.  The  Karth  hearings,  and  pressure  the  president's 
science  adviser  received  from  the  scientific  community,  forced  a decision  very 
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much  like  apartheid.  It  was  finally  agreed  that  the  scientific  geodetic  pro* 
gram  would  continue,  with  open  publication  of  results  on  the  NASA  side. 
Likewise,  the  DoD  program  would  continue,  and  when  appropriate  the  two 
agencies  would  cooperate,  as  with  the  Anna  satellite.  But  DoD  would  decide 
unilaterally  on  the  disposition  of  the  data  and  results  from  its  part  of  the 
program.  Because  of  the  knotty  problems  in  this  area.  NASA.  DoD.  and  the 
Department  of  Ownmerce— where  the  Coast  and  Geodetic  Survey  was  lo- 
cated— set  up  a special  Geodetic  Satellite  Policy  Board  for  the  difficult  prob- 
lem of  coordination.11 

It  would  be  unfair  to  leave  the  impression  that  all  the  struggles  with 
questions  of  classification  were  caused  by  the  military.  Within  NASA  a 
pressure  arose  to  classify  launch  schedules.  Some  of  the  pressure  came  from 
the  use  of  military  hardware  and  launching  ranges,  but  much  of  the  desire 
to  classify  stemmed  from  the  poor  showing  that  NASA  had  made  in  its 
early  attempts  and  from  an  embarrassing  tendency  of  schedules  to  slip 
because  of  technical  problems.  One  could  not  properly  use  classification  to 
avoid  embarrassment  to  the  agency,  but  the  argument  was  put  forth  that  it 
was  important  to  protea  the  already  damaged  national  reputation  in  space 
exploration  from  any  further  damage. 

After  a year’s  experience  Administrator  Glennan  felt  it  unwise  to  pub- 
lish schedules  with  specific  launch  dates  too  far  in  advance.  Past  and 
imminent  launches  could  be  given  by  date,  but  Glennan  suggested  that 
launches  over  the  next  two  years  be  announced  only  by  quarter,  and  only 
by  year  thereafter.12  In  March  1960  the  author  wrote  to  Ira  Abbott,  chair- 
man of  a committee  dealing  with  matters  of  security  classification,  citing 
numerous  problems  that  would  arise  in  the  space  science  area  if  blanket 
classification  were  applied  to  NASA  launch  dates.15  It  did  not  seem 
appropriate  to  classify  sounding  rocket  firings  in  which  many  universities 
participated — and  for  which  schedules  had  been  unclassified  for  more  than 
a decade  of  the  Rocket  and  Satellite  Research  Panel  program.  For  plane- 
tary shots  the  timing  was  specified  by  the  celestial  mechanics  of  the  solar 
system  and.  if  the  existence  of  the  mission  was  known,  its  date  was  more 
or  less  obv  ious.  Even  where  nature  did  not  reveal  the  date  of  a prospective 
mission.  NASA  had  other  problems  to  work  out.  A large  part  of  the  space 
science  program  was  carried  out  by  researchers  in  the  universities.  w*ho  did 
not  ordinarily  have  security  clearances.  Also,  the  civilian,  peaceful  charac- 
ter of  the  national  space  program  would  appear  to  be  compromised  if  an 
effort  were  made  to  operate  under  security  restrictions.  Baker-Nunn  optical 
tracking  stations,  operated  by  the  Smithsonian  Astrophysical  Observatory , 
would  not  be  welcome  in  countries  like  India  and  Japan,  which  opposed 
classified  activities  on  their  soil.  It  would  be  difficult  or  impossible  to  work 
with  volunteer  groups  providing  supporting  observations  of  satellites  if 
schedules  could  not  be  issued  in  advance.  The  same  problem  would  arise 


119 


Beyond  the  Atmosphere 


with  groups  assisting  in  telemetering  satellites  and  space  probes — various 
universities  and  the  Jodrell  Bank  Radio  Astronomy  Observatory  in  Eng- 
land, (or  example. 

Concern  about  this  aspect  of  classification  continued  through  NASA's 
first  two  years,  but  policy  developed  to  meet  the  need.  Those  participating 
in  a mission  were  furnished  the  necessary  information  for  planning  and 
meeting  schedules;  and,  in  space  science  missions,  while  experimenters  gen- 
erally did  not  have  to  wrestle  with  problems  of  security  classification,  they 
were  expected  to  handle  schedule  information  discreetly. 

Academy  of  Sciences 

Most  important  for  space  science  were  relations  with  the  National 
Academy  of  Sciences  and  the  Space  Science  Board.  It  was  assumed  without 
question  that  NASA  would  look  to  the  Space  Science  Board  for  advice  on 
scientific  questions.  Accordingly  NASA  joined  the  National  Science  Foun- 
dation and  the  Department  of  Defense  in  providing  funding  for  the  board. 
In  the  fall  of  1959,  when  time  approached  for  the  National  Science  Foun- 
dation to  renew  the  annual  contract  with  the  board.  Dryden  sent  to  Alan 
Waterman,  director  of  NSF.  a work  request  that  NASA  would  like  to  see 
incorporated  in  the  new  contract.14  The  contents  of  the  request,  a copy  of 
which  was  sent  to  the  National  Academy  the  same  day  it  went  to  NSF.  had 
been  discussed  in  advance  between  the  author  and  Hugh  Odishaw,  execu- 
tive director  of  the  Space  Science  Board.1*  NASA  sought  assistance  from  the 
board  on  (1)  long-range  planning,  (2)  specific  planning  for  the  separate 
scientific  disciplines.  (3)  international  programs,  and  (4)  the  handling  of 
space  science  data  and  results.  The  first  two  were  straightforward,  but  care 
was  taken  to  emphasize  planning,  and  NASA  took  this  opportunity  to  turn 
back  an  incipient  interest  on  the  part  of  the  board  in  getting  into  opera- 
tional matters  like  the  review  and  selection  of  experiments  for  space  science 
missions. 

A major  point  under  (3)  concerned  U.S.  representation  on  the  interna- 
tional Committee  on  Space  Research  (COSPAR).  At  the  invitation  of 
Lloyd  Eerkner,  who  was  then  president  of  the  International  Council  of 
Scientific  Unions,  the  author  had  convened  the  organizing  meeting  of 
COSPAR  in  London  14  November  1958.  Subsequently  the  question  arose 
as  to  whether  America’s  permanent  representative  should  come  from 
NASA.  The  Academy  thought  not,  and  Dryden  and  the  author  agreed.  It 
was  traditional  and  appropriate  that  the  country's  representation  on  inter- 
national scientific,  as  opposed  to  political,  bodies  should  fall  under  the 
aegis  of  the  Academy  of  Sciences.  NASA  supported  this  view’  and  further 
agreed  to  pay  America’s  annual  subvention  to  the  Committee  on  Space 
Research. 

The  final  item  in  the  work  request  on  data  and  results  was  fuzzy,  not  at 
all  clear  at  the  time.  Since  the  Academy  had  been  involved  during  the 
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International  Geophysical  Year  with  the  operation  of  world  data  centers, 
which  archived  and  distributed  data  and  information  derived  from  the  IGY 
science  program,  it  was  thought  that  the  Academy  might  continue  this 
function  for  the  national  space  program.  After  all,  there  had  been  a Data 
Center  on  Rockets  and  Satellites,  so  what  could  be  mote  direct  than  to  have 
that  center  expand  its  responsibilities?  There  were  subtleties  to  the  prob- 
lem, one  of  which  surfaced  in  a meeting  9 December  1959,  held  at  Boulder, 
Colorado.  Hugh  Odishaw  asked  if  NASA  would  support  a center  devoted 
to  data  from  all  upper-atmosphere  and  solar  research,  not  just  those  ob- 
tained from  rockets  and  satellites.1*  NASA  representatives  equivocated  and, 
after  prolonged  discussion  with  the  Academy,  established  the  Space  Science 
Data  Center  at  the  Goddard  Space  Flight  Center.11  Although  the  new 
organization  did  undertake  to  archive  a great  deal  of  data  that  were  not 
obtained  from  space  experiments,  in  general  such  data  were  selected 
because  they  would  increase  the  value  of  the  space  data. 

During  the  period  that  NASA  was  developing  its  working  relations 
with  the  Space  Science  Board,  the  agency  was  also  feeling  its  way  toward 
some  mechanism  to  provide  broader  and  closer  contacts  with  the  scientific 
community  than  could  be  expected  from  the  Space  Science  Board  alone. 
For  the  most  part  unaware  of  the  extensive  arid  skillful  use  NACA  had 
made  of  committees  to  keep  in  touch  with  thinking  outside  the  agency, 
NASA  space  scientists  began  to  move  in  a similar  direction.  Internally  a 
Space  Sciences  Steering  Committee  was  established  in  April  1960,  with 
responsibility  for  recommending  space  science  programs  and  projects  to 
the  director  of  spaceflight  programs.  Abe  Silverstein.  The  steering  commit- 
tee also  recommended  the  selection  of  experiments  and  experimenters  for 
space  science  missions.1*  Subcommittees  were  formed  for  the  scientific  dis- 
ciplines.19 I’nlike  the  steering  committee,  however,  which  consisted  solely 
of  NASA  employees,  about  half  the  members  of  the  subcommittees  were 
outside  scientists.  From  this  group  of  disciplinary  subcommittees  the 
NASA  advisory  structure  in  space  science  evolved  over  the  years.  Advisory- 
committees  became  a major  element  in  NASA’s  relations  with  the  scientific 
community  and  in  planning  and  conducting  the  space  science  program. 
Tills  subject  will  be  discussed  in  detail  in  chapiter  12. 

Preside vrs  Science  Advisory  Committee 

In  space  science  at  least.  NASA's  relations  with  the  President’s  Science 
Advisory  Committee  grew  out  of  the  central  role  it  had  played  in  the  for- 
mation of  the  agency  . From  the  start  the  Space  .Science  Panel  of  PSAC  took 
a close  interest,  frequently  reviewing  what  was  being  done  and  offering 
advice.  When  astronomers  could  not  agree  on  specifications  for  the  orbit- 
ing astronon.ical  observatory,  and  NASA  found  itself  in  the  middle,  the 
Space  Science  Panel  and  its  chairman.  Edward  Purcell,  pushed  NASA  to 
resolve  the  difficulties.  Of  NASA’s  desire  to  be  cooperative.  Glennar.  years 
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later  would  write:  . no  major  operating  agency  ever  gave  more  consid- 

eration to  the  very  much  less  than  objective  cries  of  the  ‘scientists^]* 
Within  the  Administration— that  is,  NASA  [— ] we  had  solid  and  often 
brilliant  scientists  v:br  were  able  to  plan  a truly  ‘national*  science  pro- 
gram in  spite  of  the  often  controversial  advice  and  complaints  so  freely 
given  by  the  Scientific  Community!**10 

By  the  spring  of  1962  the  space  science  group  in  NASA  Headquarters 
had  settled  on  policies  to  use  in  developing  the  program  and  in  working 
with  the  scientific  community.  These  policies  were  described  to  the  Space 
Science  Panel  in  April  1962  and  appeared  n have  the  panel's  Messing.21 
The  policies,  togrt^rr  with  the  NASA  management  instruction  on  respon- 
sibilities of  princi|>al  investigators  in  t!*e  flight  program,  provided  the 
framework  for  the  conduct  of  the  space  science  program  during  the  1960s.22 

It  is  worth  dw  riling  a bit  on  these  policies,  since  they  colored  all  of 
NASA’s  relations  w ith  the  scientists.  The  agency  undertook,  with  the  best 
advice  it  could  get,  to  determine  the  most  important  areas  of  research— 
clearly  a subjective  matter,  which  the  agency  sought  to  handle  as  objec- 
tively as  possible.  Then  NASA  tried  to  support  competent  scientists  work- 
ing on  what  were  thought  to  be  the  most  important  problems  in  each  area. 
No  auevrpt  was  made  to  saturate  any  area  with  researchers,  in  the  belief  that 
high  quality  could  best  be  achieved  by  supporting  only  those  investiga- 
tions that  seemed  most  fundamental  and  most  likely  to  yield  significant 
new’  information.  When  funds  were  ample,  this  policy  could  be  followed 
without  difficulty;  but  when  money  became  tight,  difficult  choices  would 
have  to  be  made,  and  perhaps  an  entire  area  of  research  might  have  to  be 
curtailed  to  afford  adequate  funding  for  the  remaining  areas.  Such  situa- 
tions did  arise  later  on.  For  example,  in  the  budget  squeezes  of  the  late 
1960s  NASA  chose  to  decrease  ionospheric  and  magnet ospheric  research  in 
order  to  maintain  adequate  support  for  solar  system  research  and  space 
astronomy  . Although  the  Space  Science  Board  endorsed  this  choice  the 
board  had  to  face  dissension  in  its  ranks  from  the  particles-and-lields 
workers  w ho  were  hard  hit  by  the  cutbacks. 

NASA  tried  to  provide  continuity  of  support  to  researchers.  It  was  rec- 
ognized that  a single  experiment  usually  was  but  a step  in  an  investigation 
and  that  it  was  important  to  enable  a scientist  to  complete  the  entire  inves- 
tigation For  example,  a single  sounding  rocket  flight  could  yield  interest- 
ing data  on  ion  densities  in  the  ionosphere,  say  at  White  Sands  at  noon  on  a 
summer  s day.  But  to  understand  the  processes  in  ionospheric  behavior, 
geographic  and  temporal  variation,  and  the  relationship  of  solar  activity  to 
the  ionosphere — an  immeasurably  broader  and  more  significant  objective 
than  to  know  the  state  of  the  ionosphere  at  only  one  time  and  location — 
would  take  years  of  research  and  many  experiments. 

Continuity  of  support  was  a genuine  worry  to  non-NASA  scientists.  In 
this  regard  they  felt  at  a disadvantage  with  respect  to  scientists  in  the 
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NASA  centers  who  could  count  on  being  supported  continuously  by  their 
agency.  Moreover,  the  NASA  scientists  clearly  had  an  inside  track  in  plac- 
ing their  experiments  on  NASA  spacecraft;  many  outsiders  worried  that 
NASA  would  take  care  of  its  own  scientists  first  and  assign  the  leftovers  to 
outside  experimenters.  To  allay  such  fears,  the  author  informed  the  Space 
Science  Board  that  NASA  would  pick  experiments  on  the  basis  of  merit 
and  would  assign  most  of  the  available  payload  space  on  NASA  science 
missions  to  outside  scientists.*  When,  in  November  1959.  Lloyd  Berkner. 
as  chairman  of  the  Space  Sc  ience  Board,  sent  a lengthy  criticism  of  the  space 
science  programs  to  George  kistiakowsky.  the  president's  science  adviser. 
Berkner  found  few  things  to  praise.  One  was  the  stated  policy’  of  reserving 
no  more  than  20  to  25  percent  of  the  payload  on  science  missions  for 
NASA  personnel.23 

This  policy  did  not  have  universal  support  within  NASA,  where  there 
was  much  sympathy  for  the  idea  of  taking  care  of  one's  own.  After  all.  it 
was  argued.  NASA  people  had  undertaken  to  create  and  operate  the  neces- 
sary space  tools  for  scientific  research,  to  defend  the  program  before  the 
administration  and  the  Congress,  and  to  do  a lot  of  the  drudgery  needed  to 
keep  a program  going.  For  this  they  should  be  guaranteed  first  rights  over 
those  who  chose  to  remain  in  the  academic  world  with  all  its  niceties  and 
privileges.  In  sympathy  with  the  NASA  laboratories,  Silverstein  himself 
voiced  such  views,  and  the  author  at  times  found  himself  m the  middle. 
Nevertheless,  a genuine  effort  was  made  to  adhere  to  the  stated  policy  , and 
for  a while  the  proportion  of  outside  scientists  finding  benhs  on  NASA 
spacecraft  increased.  But  the  limited  amount  of  payload  space  available, 
along  with  the  increasing  numbers  of  applicants  w ho  wanted  to  take  part, 
militated  against  reaching  the  ideal.  Responding  to  renewed  criticism,  in 
March  1960  John  Clark,  in  a NASA  memorandum  discussing  relations 
between  the  agency  and  the  Space  Science  Board,  reiterated:  “It  is  still  the 
NASA  objective  that  the  larger  part  of  the  scientific  work  wi!1  be'  done 
outside  of  the  NASA  organization.  . . . about  60  percent  of  the  present 
space  science  work  is  being  done  outside  NASA,  compared  to  t0  percent 
in-house.  "2i 

During  the  1960s,  except  on  some  individual  flights.  NASA  never  quite 
achieved  the  stated,  admittedly  arbitrary  goal.  While  occasionally  a cause 
for  grumbling,  the  matter  did  not  become  serious  again  until  the  early 
1970s  when  tight  budgets  once  more  seemed  to  put  research  groups  in 
universities  at  a decided  disadvantage  relative  to  those'  in  NASA  centers. 

NASA  also  recognized  that  it  was  not  enough  to  pay  only  for  flight 
experiments.  A certain  amount  of  related  research  had  to  be  supported, 
particularly  that  required  to  lay  the  groundwork  for  experimenting  in 


•NASA  scientists  pointed  to  tht>  statement  of  polio  as  logical)*  mo  insistent  How  could  the  pol- 
io be  adhered  to  if.  on  the  basis  of  mem.  the  <rr.tcr  proposal*  surpassed  all  those  from  outside? 
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space.  During  its  first  year,  however.  N ASA  appeared  to  be  neglecting  this 
important  aspect  of  space  science  in  its  concentration  on  getting  space- 
flight  projects  going.  In  his  critical  letter  of  November  1959  to  kistia- 
kowsky.  Berkner  unleashed  a lengthy  critique  of  the  program  as  he  saw*  it 
at  the  end  of  its  first  year.  Berkner  dwelt  on  a number  of  concerns  scientists 
repeatedly  returned  to  throughout  the  years.  Along  with  worries  about  rel- 
ative amounts  of  mono  going  into  manned  spaceflight — Mercury  at  the 
time — Berkner  expressed  the  interest  of  scientists  in  having  large  numbers 
of  small  vehicles  in  the  program  in  preference  to  a few  larger  ones.  He  also 
registered  complaints  about  the  domineering  attitude  of  NASA  project 
engineers  toward  experimenters  and  about  the  difficulty  outside  scientists 
had  in  competing  with  NASA  scientists  unless  the  necessary  engineering 
facilities  were  provided  to  enable  the  outside  scientists  to  compete.  Berkner 
considered  the  question  of  support  for  long-term,  space-related  research  a 
major  issue,  averring  that  NASA  had  to  provide  support,  since  the  National 
Science  Foundation  was  not  likely  to  do  so.2*  Responding  to  Berkner's 
criticism.  Administrator  Glennan  wrote  fa  Kistiakowsky  on  5 December 
1959  agreeing  among  other  things  that  .'"ASA  should  support  the  long- 
range  basic  research  important  to  space  science.2*  In  this  vein.  NASA's  uni- 
versity program  office  later  devised  a method  of  step-funding  research  proj- 
ects so  as  to  assure  a university  scientist  of  at  least  three  years  continuous 
support  (chap.  IS).27 

While  recognizing  its  own  responsibilities  toward  experimenters. 
NASA  also  asked  principal  investigators  to  assume  considerable  responsi- 
bility on  their  part — specifically  for  the  preparation,  calibration,  installa- 
tion, and  operation  of  their  instruments.  This  policy,  which  was  somewhat 
fuzzy  at  the  start,  grew  in  clarity  as  time  passed,  until  it  was  articulated  in 
April  1964  in  a formal  NASA  issuance.28  Basically,  a principal  investigator 
was  given  a place  on  a satellite  or  space  probe  for  his  instruments,  was 
assigned  the  necessary  electrical  power,  telemetering,  and  other  support 
from  the  spacecraft,  and  was  promised  a certain  period  of  time  after  the 
flight  during  which  the  data  obtained  would  be  reserved  to  him  foi  analy- 
sis, interpretation,  and  publication.  In  return,  the  investigator  was  ex- 
pected to  work  as  a member  of  the  project  team,  meet  all  relevant  sched- 
ules. and  ensure  that  his  equipment  was  properly  constructed,  passed 
prescribed  tests,  and  was  available  in  operating  condition  for  installation 
in  the  spacecraft  at  the  appropriate  time.  In  addition  to  using  the  data  for 
his  own  research,  the  experimenter  was  expected  to  put  them  into  a suit- 
able form  for  archiving  in  the  data  inner,  so  that  later  researchers  could  use 
them  for  further  studies. 

The  (H>licy  was  simple  in  concept,  bui  problems  arose  from  time  to 
time.  Not  infrequently  the  scientists  would  feel  that  loo  much  prominence 
was  being  given  to  engineering,  as  v>pposed  to  scientific,  requirements,  and 
that  the  project  manager  did  not  appreciate  that  the  scientific  experiments 
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were  the  purpose  of  the  project.  On  his  part,  the  project  manager  often 
would  feel  that  the  scientists  did  not  understand  the  difficulties  in  getting 
an  operating  spacecraft  aloft,  and  the  importance  of  meeting  schedules  and 
test  requirements.  Such  conflicts  often  seemed  in  the  nature  of  things,  for 
the  engineer  was  trained  in  disciplined  teamwork,  while  the  scientist's 
stock  in  trade  was  highly  individualistic  questioning  of  authority.  The 
engineer  would  find  the  scientist's  propensity  for  last  minute  changes  to 
make  an  improvement  in  the  experiment  baffling,  while  the  scientist 
would  find  the  engineer's  insistence  on  prescribed  routine  frustrating.  Yet 
the  scientists  and  engineers  could  and  did  work  out  their  differences, 
though  sometimes  at  the  expense  of  management  lime. 

More  subtle  was  the  question  of  what  was  meant  by  the  experimenter's 
taking  responsibility  for  his  experiment.  If  the  investigator  interpreted  that 
as  giving  him  control  over  the  project  manager,  the  scientist-engineer  clash 
was  enhanced,  and  management  had  to  make  clear  that  the  project  man- 
ager was  in  charge.  That  the  investigator  should  take  responsibility  for 
ensuring  that  all  phases  of  his  experiment  were  being  properly  taken  care 
of  did  not  mean  that  the  scientist  had  to  do  them  all  himself,  though  some- 
times there  was  confusion  about  this.  The  investigator  was  expected  to 
work  out  with  the  project  manager  how  the  investigator  would  meet  his 
responsibilities.  Often  a contractor  would  be*  engaged  to  construct  the 
scientific  equipment.  Perhaps  NASA  would  agree  to  do  part  of  the  work. 
Whatever  arrangement  was  made,  it  was  still  the  investigator's  responsibil- 
ity to  be  aware  of  how  things  were  going  and  when  necessary,  perhaps 
with  the  project  manager's  help,  to  sex*  that  steps  were  taken  to  correct 
deficiencies. 

Granting  an  investigator  the  exclusive  use  of  data  for  a specified  period 
was  important  to  both  NASA  and  the  investigator.29  To  the  scientist  the 
opportunity  to  publish  his  results  and  earn  the  acclaim  of  colleagues  for 
what  he  had  accomplished  was  a substantial  part  of  his  reward  for  conceiv- 
ing and  carrying  out  an  experiment.  Were  NASA  unable  to  g ant  a scien- 
tist the  necessary  time  to  claim  his  reward,  the  best  researchers  would 
surely  have  sought  other  scientific  fields  to  plough.  Yet  from  time  to  time 
this  policy  came  under  attack  by  Congress.  The  argument  was  that  the 
taxpayer  was  putting  out  enormous  sums  for  space  research  and.  therefore, 
had  a right  to  the  data  as  soon  as  acquired.  Most  often  this  argument  flared 
up  w hen  the  data  were  spectacular  pictures  of  the  moon  or  Mars.  Then  a 
clamor  from  the  press  to  issue  the  pictures  at  once  would  be*  echoed  by 
members  of  Congtess.  no  doubt  inspired  to  speak  out  by  a few  well  placed 
phone  calls  from  enterprising  reporters.  Little  concern  was  expressed  over 
release  of  ionospheric  measurements  or  data  on  magnetic  fields  in  sjxive. 

NASA  held  its  ground  on  the  basic  policy.  Setting  aside  the  question 
of  the  sc  ientist’s  pay  for  contributing  his  original  ideas  and  carrying  out 
the  experiment.  NASA  pointed  out  that  only  the  scientist  who  hud  con- 
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reived  the  experiment  and  had  personally  strutted  with  the  intricacies  of 
calibrating  the  measuring  instruments,  could  reduce  the  data  properly  to 
remove  ambiguities  and  errors  that  would  otherwise  make  the  data  useless 
to  other  researchers.  In  return  for  the  exclusive  use  of  data  for  a mutually 
agreed  time,  NASA  required  an  experimenter  to  put  his  data  in  suitable 
form  for  archiving  and  use  by  other  researchers.  This  was  the  taxpayer’s 
quid  pro  quo;  without  such  an  arrangement,  the  taxpayer  would  not  be 
getting  his  money's  worth. 

The  time  required  to  put  data  in  order  varied  from  case  to  case  and  was 
negotiated  between  the  agency'  and  the  experimenter.  For  a simple  experi- 
ment, perhaps  a repetition  of  a previous  one,  a few  months  might  suffice. 
A more  complicated,  more  subtle  experiment  might  take  the  investigator  a 
year  or  more  to  work  up  the  data  and  publish  his  first  paper.  As  an  illus- 
tration, NASA  could  point  to  the  ionospheric  experiment  devised  by  J. 
Carl  Seddon  and  colleagues  at  the  Naval  Research  Laboratory  for  sound- 
ing rocket  experiments  at  White  Sands.50  Simple  in  concept,  the  experi- 
ment ran  into  tremendous  difficulties  in  practice.  The  idea  was  to  measure 
the  effect  of  the  ionosphere  on  radio  signals  from  a flying  rocket  and  to  use 
that  effec  t to  deduce  the  electron  densities  in  the  ionosphere.  But  the  influ 
ence  of  the  earth  s magnetic  field,  the  splitting  of  the  radio  signal  into 
separate  components,  and  reflections  of  the  signal  from  inhomogeneities  in 
the  ionosphere  required  many  years  to  decipher.  Until  that  was  done,  the 
data  would  have  been  useless  to  other  researchers.  But  once  the  various 
phy  sical  processes  were  understood  and  could  be  unraveled,  the  analysis  of 
data  from  a new  set  of  measurements  could  be  accomplished  in  a few 
months. 

Pictures  were  a spe  ial  case.  That  was  w here  the  greatest  public  interest 
lay.  and  NASA  adopted  a policy  of  releasing  pictures  as  soon  as  they  could 
be  put  in  suitable  form.  Often  this  was  virtually  immediately,  as  with 
much  lunar  photography.  But  pictures  of  Mars  received  with  low  signal- 
power  usually  took  a great  deal  of  electronic  processing  to  bring  out  all 
available  detail  and  it  could  be  many  weeks  or  months  before  they  were 
ready  for  release. 


Pt  BLICAHON  OF  RESISTS 

Important  to  the  scientific  community  was  the  question  of  where 
scientific  results  from  the  space  program  would  be  published.  Publication 
in  the  open  literature  is,  of  course,  a fundamental  aspect  of  the  scientific 
process.  Both  the  out  ide  scientists  and  those  who  had  joined  the  agency 
were  dedicated  by  training  and  habit  to  open  publication.  Iri  this  they  ran 
head  on  into  NACA  tradition  and  practice  of  issuing  research  results  in 
series  such  as  NACA  Reports,  Technical  Notes,  and  Technical  Memor- 
anda.51 
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NACA  papers  were  highly  respected  in  the  field  of  aeronautics  and 
aerodynamics.  They  were  carefully  critiqued  and  severely  edited  within  the 
agency  before  being  widely  distributed  to  aeronautical  centers,  appropriate 
military  offices  in  the  United  States  and  elsewhere,  and  industrial  and  aca- 
demic libraries  aiound  the  world.  It  was  NACA’s  position  that  the  proce- 
dure ensured  both  high  quality  in  its  publications  and  provided  for  getting 
them  to  those  w>ho  needed  them  in  their  work.  Moreover,  the  existence  of 
such  series  of  NACA  publications  was  the  best  possible  advertising  for  the 
agency. 

NACA  was  not  alone  in  this  practice.  Both  the  Bureau  of  Standards 
and  the  Bell  Laboratories  put  out  journals  of  their  own;  and,  during  the 
Rocket  and  Satellite  Panel  days,  the  Naval  Research  Laboratory  had  issued 
much  of  its  rocket-research  results  in  NRL  reports.32  In  the  space  science 
field,  the  Jet  Propulsion  Laboratory  began  putting  out  a Technical  Report 
Series  under  the  imprimatur  of  JPL  and  the  California  Institute  of  Tech- 
nology.55 In  academic  circles  Gerard  P.  Kuiper,  noted  astronomer  of 
unbounded  energy  and  w ide-ranging  interests  and  head  of  the  Lunar  and 
Planetary  Laboratory  at  the  University  of  Arizona,  put  out  a series  entitled 
Communications  of  the  Lunar  and  Planetary  Laboratory , listing  the  Uni- 
versity of  Arizona  as  publisher.54  In  the  Communications  Kuiper  and  his 
colleagues  published  a great  deal  of  excellent  material,  much  of  it  from 
research  supported  by  NASA.  But  Kuiper  was  severely  criticized  by  his 
scientific  colleagues  for  using  this  means  of  bringing  his  work  to  the 
community.  Their  reasons  for  criticising  were  fundamental,  deeply  rooted 
in  the  scientific  process.  First,  it  was  pointed  out,  the  usual  scientific  jour- 
nal accepted  an  article  for  publication  only  after  it  had  been  given  a careful 
review  by  one  or  more  impartial  experts  in  the  field  addressed  in  the  arti- 
cle. whereas  a scientist  publishing  in  what  amounted  to  his  own  journal 
could  hardly  subject  his  own  work  to  the  same  kind  of  review.  Secondly, 
the  limited  distribution  of  a publication  to  a selected  list  of  recipients  was 
bound  to  miss  persons  who  had  not  only  a legitimate,  but  often  a signifi- 
cant, interest  in  the  material,  for  how  could  one  individual  or  a small 
group  hope  to  be  aware  of  all  such  interests?  This  point  was  particularly 
pertinent  in  a rapidly  growing  field  w ith  imprecise  and  fluctuating  bound- 
aries. In  contrast,  regularly  published  journals,  open  by  subscription  to 
all  who  were  interested,  were  w idely  known  in  the  scientific  community:  a 
scientist  from  another  discipline  could  quickly  find  his  way  to  material  of 
importance  to  his  work.  Although  the  NACA  had  had  a very  large  organi- 
zation to  draw'  upon  for  reviewing  papers  before  publication,  the  same  sort 
of  criticism  had  been  leveled  at  the  NACA  publication  policy. 

For  NASA's  first  year,  the  question  of  publication  remained  in  the 
background,  with  the  NASA  scientists  assuming  that  the  policy  was  to 
publish  the  results  in  the  open  literature,  and  former  NACA  people  tend- 
ing to  expect  a collection  of  NASA  publications  to  evolve.  Harry  Goett, 
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director  of  the  Goddard  Space  Flight  Center,  precipitated  a confrontation 
when  in  May  of  1960  he  proposed  to  issue  NASA  papers  that  had  been 
given  at  a meeting  of  the  international  Committee  on  Space  Research  in  a 
NASA  series.55  When  the  proposal  reached  Thomas  Neill,  an  employee  in 
the  Office  of  Advanced  Research  and  Technology  who  had  carried  over 
from  the  NACA  the  responsibility  for  overseeing  the  publication  of  in- 
house  reports.  Neill  refused  to  permit  the  COSPAR  papers  to  go  out  as 
NASA  technical  reports  Neill's  position  was  that  the  papers  had  already 
been  published  in  the  COSPAR  sphere  and  to  put  them  out  now  in  a 
NASA  series  would  be  wasteful  duplication.  It  was  an  understandable  posi- 
tion, but  it  stood  squarely  in  the  way  of  those  who  wanted  to  build  up 
NASA’s  own  fine  “fourteen  foot  shelf’  of  space  science  literature,  as  Abe 
Silverstein  described  it. 

There  was  a great  deal  of  discussion  of  this  issue  during  the  spring  and 
summer  of  1960.  The  scientists,  recognizing  the  intense  desire  of  the  NACA 
people  to  build  up  a library  of  NASA  publications  along  the  NACA  lines, 
favored  dual  publication.  A check  with  a number  of  scientific  societies  re- 
vealed they  would  be  willing  to  accept  papers  for  publication  that  had 
previously  been  put  out  under  a NASA  cover,  since  they  did  not  regard  the 
latter  as  genuine  publication.  This  was  the  view  of  Lloyd  Berkner,  presi- 
dent of  the  American  Geophysical  Union,  when  the  author  called  him  on 
19  May  I960.  For  AGT’s  own  publication,  the  Journal  of  Geophysical  Re- 
search. Berkner  was  sure  there  would  be  no  problem,  and  he  thought  there 
should  not  be  any  difficulty  for  the  Physical  Reiteu' — which  was  later  con- 
firmed by  the  editors.56  Several  other  journals  took  the  same  position:  of 
those  queried  only  the  American  Chemical  Society  expressed  disapproval. 
Taking  *mug  satisfaction  in  the  considerable  evidence  they  had  gathered 
that  N..V.A  or  NASA  reporting  was  not  generally  viewed  as  genuine  publi- 
cation, the  NASA  scientist*  persevered  m urging  a policy  that  space  science 
results  would  be  published  in  the  open  literature,  but  that  where  desired 
duplicate  NASA  publication  would  be1  permitted.  Dryden  approved  the 
idea  and  asked  that  an  appropriate  paper  be  drawn  up  articulating  the 
policy,  which  led  to  more  discussions  but  no  clear  statement  of  policy  that 
could  be  given  formal  approval. 

Instead  the  policy  was  established  by  practice.  Space  science  results 
were  published  in  the  open  literature,  and  management  issuances  pertain- 
ing to  the  program  presumed  such  a policy.  In  international,  cooperative 
space  science  projects,  implementing  agreements  c alled  for  publication  of 
results  in  the  open  literature.57  Simultaneously  in-house  publications  took 
a variety  of  forms.  The  Jet  Propulsion  Laboratory  report  series  has  been 
mentioned.  From  time  to  time  the  Goddard  Space  Flight  Center  issued 
bound  collections  of  reprints  of  published  papers  bv  Goddard  authors.58  In 
September  1959  Abe  Silverstein  was  considering  establishing  a NASA 
journal,  much  like  that  of  the  Bureau  of  Standards,  which  was  cited  as  an 
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example.^  But  such  a NASA  journal  did  not  materialize.  Instead  there 
evolved  the  NASA  Special  Publications,  an  aperiodic  series,  generally  book 
length,  devoted  to  the  whole  spectrum  of  NASA's  activities.  The  Special 
Publications  were  an  excellent  means  of  publishing  under  the  NASA  im- 
primatur integrated  reviews  of  a topic  or  field,  but  were  not  usually  suit- 
able as  an  outlet  for  original  scientific  research.  They  were  in  fact  accorded 
the  same  sort  of  mild  disdain  the  academic  community  reserves,  not  always 
with  justification,  for  most  government  publications. 


Universities 

NACA  had  had  a rather  small  involvement  with  the  universities.40 
What  university  research  NACA  did  pay  for  usually  was  tied  into  research 
projects  going  on  at  the  NACA  laboratories.  For  NASA,  however,  relations 
with  universities  would  be  more  extensive  and  different.  This  w?as  espe- 
cially true  in  space  science,  where  the  numoer  of  disciplines  encompassed 
in  the  program  dictated  that  a great  deal  of  the  work  would  have  to  be 
done  outside  and  largely  in  the  universities.  Much  of  this  would  be  an 
extension  of  a university's  ow  n research,  with  the  addition  of  new  tools— 
rockets  and  spacecraft.  NASA  would  accordingly  be  funding  university 
research  as  a major  part  of  a broad  space  science  program  rather  than  as 
specific  support  to  in-house  projects.  By  undertaking  to  carry  out  a sub- 
stantial part  of  the  national  space  science  program,  the  universities  became 
allies  of  NASA. 

But  when  NASA  also  decided  to  create  space  science  groups  at  the 
Goddard  Space  Flight  Center,  the  Jet  Propulsion  Laboratory,  and  other 
centers,  the  universities  found  themselves  in  the  role  of  rivals  to  NASA. 
For,  the  in-house  groups  would  inevitably  be  in  competition  with  those 
outside  for  funding  of  their  research  and  for  accommodation  on  scientific 
flights,  as  mentioned  earlier.  A number  of  the  mechanisms  that  NASA 
dev  ised  for  working  w ith  the  scientific  community  were  influenced  by  the 
need  to  moderate  the  tensions  that  soon  appeared.  For  this  reason  fhe 
responsibility  for  selecting  space  science  experiments  and  experimenters 
was  kept  in  headquarters  even  during  periods  when  there  was  a general 
attempt  to  decentralize  authority  by  transferring  to  the  field  many  func- 
tions previously  handled  by  headquarters. 

Work  with  the  universities  was  sufficiently  important  to  the  space 
program — partic  ularly  to  the  space  science  program— that  NASA  estab- 
lished an  organizational  unit  specifically  for  handling  university  rela- 
tions.41 The  university  office  guided  NASA’s  work  with  the  academic  com- 
munity. not  hesitating  to  experiment  with  new  ideas  on  government- 
university  relations.  More  attention  is  given  to  the  NASA  university  pro- 
gram, particularly  as  it  bore  on  space  science,  in  chapter  IS. 
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Scientific  Societies 

In  seeking  to  bring  the  scientific  community  into  the  space  science 
program  and  in  insisting  on  publication  of  results  in  the  open  literature, 
NASA  could  hardly  escape  a close  association  with  the  scientific  societies. 
The  societies  afforded  the  most  common  meeting  ground  of  the  scientists, 
and  their  journals  formed  much  of  the  open  literature. 

A number  of  scientific  societies  soon  became  involved.  The  American 
Astronomical  Society's  interest  was  at  first  tentative,  although  a number  of 
its  leading  members  were  fully  committed  to  space  astronomy — like 
Richard  Tousey  of  the  Naval  Research^  Laboratory,  Leo  Gc  Jberg  of  the 
University  of  Michigan,  Gerard  Kuiper  of  Yerkes  Observatory,  and  Lyman 
Spiuer  of  Princeton.  Spitzer  had  been  among  the  first,  in  the  mid- 1940s,  to 
write  about  and  advocate  the  use  of  satellites  for  astronomical  research.  In 
the  sounding  rocket  program  of  the  1940s  and  1950s,  Tousey  had  been  one 
of  the  pioneers  in  rocket  astronomy.  And  no  sooner  had  NASA  opened  its 
doors  than  Leo  Goldberg  was  urging  support  of  a solar  astronomical  satel- 
lite project  which  the  McDonnell  Aircraft  Company  had  designed  with 
advice  from  University  of  Michigan  astronomers.  Under  the  pressure  of 
such  widespread  interest,  the  American  Asuonomical  Society’s  participa- 
tion grew  steadily  throughout  the  1960s.  Papers  appeared  in  its  journal 
and  at  its  meetings,  and  the  society  began  to  promote  important  aspects  of 
space  astronomy.  The  spectacular  results  of  planetary  missions,  particu- 
larly in  I960  ami  early  1970s.  helped  dispel  the  disdain  and  lack  of  interest 
with  which  astronomers  had  regarded  the  planetary  field  for  decades. 

Among  the  first  learned  societies  to  show  strong  interest  were  the 
American  Physical  Society  and  the  American  Geophysical  Union.  In  April 
1959 — six  months  into  NASA’s  first  full  year — the  Physical  Society  spon- 
sored, along  with  NASA  and  the  National  Academy  of  Sciences,  a sympo- 
sium on  space  physics,  which  was  well  attended.42  Anticipating  the  impor- 
tance of  space  science  for  extending  geophysics  to  other  planets,  the 
Geophysical  Union  went  even  further.  In  November  1959,  AGlT  officers 
considered  the  question  of  providing  a home  for  space  science.  Encouraged 
by  the  show  of  interest,  NASA’s  Robert  Jastrow  and  Gordon  J.  F.  Mac- 
Donald, a brilliant  young  geophysicist,  on  10  December  1959  wrote  to 
President  Lloyd  Berkner  recommending  that  the  union  create  a section  on 
planetary  physics.43  After  consulting  with  AGU  officers,  Berkner  responded 
by  inviting  the  author  to  become  chairman  of  a Planning  Committee  on 
Planetary  Science,  with  members  Jastrow  (secretarv),  Leroy  Alldredge, 
Joseph  VV.  Chamberlain.  Thomas  Gold,  MacDonald,  Hugh  Odishaw, 
Alan  Sh  1 v,  Harry  Vestine,  Harry  Wexler,  Charles  Whitten,  and  Philip 
Abel  son  * *nu  ’iter  Walter  Orr  Robert.*)*  all  of  whom  had  had  important 
roles  in  u.  *iiternational  Geophysical  Year  program.  For  the  next  two 
years  the  committee  organized  sessions  on  space  science  for  the  union 
meetings,  and  promoted  the  interests  of  space  science  within  the  union. 
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For  the  summer  of  1960  committee  members  prepared  a series  of  papers 
reporting  on  progress  in  the  planetary  and  interplanetary  sciences  for  pub- 
lication in  the  Transactions  of  the  American  Geophysical  Union . The 
President’s  Page  in  the  Transactions  for  September  1960  carried  a note 
from  the  author  pointing  out  the  importance  of  space  science  to  geophys- 
ics and  calling  attention  to  tl*e  existence  of  the  Planning  Committee  on 
Planetary  Sciences.44 

Within  the  union  there  was  a steady  movement  toward  the  creation  of 
a new  section  on  the  planetary  sciences.  But  space  science  was  itself  but  an 
extension  of  the  : aditkmal  disciplines,  and  there  was  opposition  to  the 
proposed  action.  The  argument  was  that  the  existing  sections  of  AGU 
could  provide  the  desired  home  for  the  new  activities  in  space.  The  section 
on  meteorology',  for  example,  could  accommodate  satellite  meteorology. 
Any  section  dealing  with  an  aspect  of  the  earth  sciences  could  house  thru 
same  aspect  of  the  planetary  sciences.  In  fact,  some  feared  that  a separate 
section  on  the  planetary  sciences  would  become  another  little  union  within 
the  overall  union.  Even  members  thoroughly  involved  in  the  space 
sciences— like  John  Simpson,  experimenter  on  Pioneer  and  Explorer  satel- 
lites, theoretical  physicist  Alexander  Dessler,  and  Harry  Wexler,  director  of 
research  for  the  U.S.  Weather  Bureau — were  opposed.  Nevertheless,  the 
strong  cohe:  .nee  in  the  space  sciences,  generated  by  the  peculiarities  and 
demands  of  the  space  tools,  sparked  the  push  for  a new'  section.  The  spring 
of  1961  saw  a great  deal  of  discussion  of  the  matter,  and  at  its  22  April  1961 
meeting  the  council  of  the  union  approved  in  principle  the  formation  of  a 
new  section — by  a margin  of  one  vote!  The  council  asked  that  the  entire 
organizational  structure,  activity,  and  nomenclature  of  the  union  be  re- 
viewed as  a precaution  against  intolerable  dislocations  within  the  society 
from  addition  of  the  new'  section.  The  review  concluded  that  no  other 
changes  were  required,  and  on  25  April  1962  the  council  gave  filial  appro- 
val for  the  formation  of  a section  on  planetary  sciences  (which  later  in  the 
decade  divided  into  several  groups).  Hie  author  became  the  first  president 
of  the  section,  and  Jastrow  its  first  secretary  , thus  symbolizing  the  close  re- 
lations that  NASA  had  developed  with  the  American  Geophysical  Union. 

The  examples  given  here  are  only  illustrative.  The  breadth  of  the  space 
sciences  generated  an  important  association  with  many  scientific  and  tech- 
nical societies  and  institutes.  The  interest  of  the  American  Rocket  Society 
and  the  Institute  of  Aeronautical  Sciences — which  soon  merged  into  the 
new*  American  Institute  of  Aeronautics  and  Astronautics — was  an  obvious 
one,  as  was  that  of  the  American  Astronautical  Society  and  the  Interna- 
tional Astronautical  Federation,  although  their  concern  tended  more  toward 
the  engineering  and  technology  side  of  the  picture.  More  directly  concerned 
with  space  science  were  the  Optical  Society  of  America,  the  International 
Astronomical  Union,  the  American  Meteorological  Society,  the  Geological 
Society  of  America,  the  American  Institute  of  Biological  Sciences,  and  a 
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long  list  of  others.  For  some  of  these,  interest  in  space  science  flared  up  at 
the  very  start,  while  for  others  the  interest  gradually  emerged  as  the  pro- 
gram unfolded. 

Inheriting  so  much  from  the  International  Geophysical  Year.  NASA 
had  an  international  program  frora  the  outset.45  There  were  two  main  are- 
nas. that  of  the  international  scientific  circles  such  as  the  International 
Council  of  Scientific  Unions  and  its  newly  formed  Committee  on  Space 
Research,  and  that  of  a political  nature,  falling  generally  in  the  sphere  of 
the  United  Nations.  There  were  numerous  political  considerations  relative 
to  space,  and  NASA  was  immediately  drawn  into  United  Nations  delibera- 
tions on  space  matters. 

But  the  natural  arena  for  space  science  was  the  international  scientific 
community,  and  from  the  start  NASA  gave  strong  support  to  the  Commit- 
tee on  Space  Research.  Among  the  unions  of  the  council  represented  on 
COSPAR  were  the  International  Union  of  Scientific  Radio  and  the  Inter- 
national Union  of  Geodesy  and  Geophysics,  which  had  first  recommended 
the  use  of  scientific  satellites  during  the  International  Geophysical  Year. 
Following  the  organizing  meeting  convened  by  the  author  in  London  in 
November  of  1958.  COSPAR  held  its  first  full-scale  business  session  in  The 
Hague.  12-M  March  1959. ^ At  that  meeting  Richard  Porter  of  the  Space 
Science  Board.  U.S.  representative  to  COSPAR,  asked  the  author  whether 
the  United  Slates  might  offer  to  launch  space  science  experiments  for 
COSPAR  members.  In  a phone  call  to  Washington,  the  author  obtained 
Hugh  Dryden’s  approval  to  inform  the  meeting  that  NASA  would  be  will- 
ing to  do  so.  Porter  then  wrote  to  President  H.  C.  van  de  Hulst.  saying  that 
the  United  States  would  accept  single  experiments  as  part  of  larger  pay- 
loads.  or  would  launch  complete  payloads  prepared  by  other  countries.47 
The  response  to  the  U.S.  invitation  was  immediate,  and  before  the  year  was 
out  a number  of  cooperative  projects  had  begun.  With  the  Soviet  Union, 
genuine  coojx*ration  proved  to  be  difficult  during  the  l9H0s.  less  difficult 
in  the  !97(K  climate  of  detenu-.  Those  subjects  aie  discussed  at  length  in 
chaptei  18. 

As  the  leaders  of  NASA  worked  to  reshape  the  NACA  into  an  aeronau- 
tics and  space  organization,  thev  also  laid  the  foundation  for  the  many 
relationships  with  other  government  agencies,  industry,  and  the  scientific 
communitv  that  played  an  essential  role  in  planning  and  conducting  the 
program.  But  none  of  this  would  have  been  of  any  avail  without  the  prin- 
cipal tools,  the  rockets  and  spacecraft  essential  to  the  investigation  and 
exploration  of  space.  A first  order  of  busiiu-ss  was  to  provide  for  these 
tools.  That  NASA  set  about  to  do.  striving  to  overcome  as  soon  as  possible 
the  visible  gap  that  lay  between  the  United  State's  and  the  Soviet  Union  in 
propulsion  capabilities  and  launchable  spacecraft  weights.  Because  of  the 
central  importance  of  laum  h vehicles  and  their  pavloads,  the  next  chapter 
is  devoted  entirely  to  them. 
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Rockets  and  Spacecraft:  Sine  Qua  Non 
of  Space  Science 


Even  as  NASA  was  being  formed,  the  stable  of  American  sounding 
rockets  was  impressive.  There  were  small  (Deacon.  Cajun.  Arcon,  Areas), 
medium  (Aerobee.  Aerobee-Hi).  and  large  (Viking)  rockets.  Viking  had 
been  designed  to  replace  the  V-2.  which  was  no  longer  used  after  the  test 
program  ended  in  1952.  There  were  rockets  using  solid  propellants  (Dea- 
con. Cajun.  Arcon.  Areas)  and  rockets  using  liquid  propellants  (second 
stage  of  Aerobee.  Viking).  Multistage  combinations  (Nike-Deacon,  Nike- 
Gajun.  Aerobee)  achieved  higher  altitudes  than  could  economically  be  at- 
tained with  single-stage  rockets.  Rockets  had  been  launched  from  balloons, 
from  aircraft,  and  from  launchers  aboard  ships  at  sea.  These  sounding 
rockets  and  the  high-altitude  research  program  that  went  with  them  pro- 
vided NASA  with  an  immediately  on-going  component  of  its  space  science 
program.* 

A similar  situation  existed  with  respect  to  the  larger  vehicles  needed  for 
launching  spacecraft  into  orbit.  The  reentry  test  vehicle  Jupiter  C — which 
launched  America’s  first  satellite.  Explorer  /.  and  which  used  the  Redstone 
missile  as  its  first  stage — gave  rise  to  a first  group  of  what  were  called  Juno 
space  launch  vehicles.  Later  versions  of  Juno  used  the  more  powerful 
Jupiter  intermediate-range  ballistic  missile  as  the  first  stage.2  The  Red- 
stone. w hich  w?.s  created  for  the  Army  by  the  von  Braun  team  and  in  which 
one  could  detect  a distinct  V-2  ancestry  , was  on  hand  and  was  used  for 
America  s first  suborbital  manned  flights.5  The  Vanguard  IGY  launch  ve- 
hicle. which  used  derivatives  of  the  Viking  and  Aerobee  sounding  rockets 
as  its  first  and  second  stages,  was  also  available.4  NASA  took  over  Van- 
guard from  the  Naval  Research  Laboratory  and  completed  the  program, 
after  which  the  Vanguard  first  stage  was  retired;  but  the  upper  stages  were 
combined  w ith  the  Air  Force’s  Thor  to  create  the  Thor-Delta.  or  simply 
Delta,  launch  vehicle,  which  from  the  very  start  was  one  of  the  most  useful 
of  the  medium-sized  combinations.5  In  1958  the  Air  Force’s  Atlas  was  the 
most  powerful  V.S.  rocket  that  could  be  quickly  pressed  into  service  as  a 
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space  launcher.  To  it  was  assigned  the  launching  of  the  first  American 
astronauts  to  go  into  orbit.*  Atlas  eventually  became  the  main  stage  of 
Atlas-Agena  and  Atlas-Centaur,  multistage  launch  vehicles  used  to  put 
multiton  payloads  into  space. 

The  imposing  presence  of  the  Soviet  Union  in  space  following  the 
launching  of  the  first  Sputniks  and  the  substantial  lead  it  apparently  had 
over  the  U.S.  in  payload  capability  generated  a sense  of  urgency  to  develop 
very  large  payload  capabilities.  But  with  the  variety  of  vehicles  already  »n 
its  stable  or  imminent,  the  United  States  clearly  was  not  going  to  have  to 
start  from  scratch.  Indeed,  had  the  country  been  willing  to  use  the  von 
Braun  rockets  for  the  ICY  satellite  program,  the  first  satellite  in  orbit  could 
well  have  borne  a "made  in  America"  stamp.  At  any  rate,  even  this  partial 
survey  of  the  situation  at  the  time  NASA  got  going  shows  how  deep  in  the 
rocket  and  missile  work  of  the  1950s  lay  some  of  the  roots  of  the  subse- 
quent space  program 

Of  course,  along  with  the  missiles  and  rockets  available  to  NASA  and 
the  military  were  associated  facilities  and  equipment  already  in  operation. 
Launch  ranges  existed  in  Florida,  California,  New  Mexico,  and  Canada. 
Tracking  and  telemetering  stations,  strategically  located  in  the  U.S.  and 
elsewhere,  were  working.  Vanguard  Minitrack  network  of  radio-tracking 
and  telemetering  stations  for  operating  with  the  IGY  satellites  spanned  the 
globe  and  provided  a nucleus  on  which  to  build  for  an  enlarged  program 
of  the  future.  IGY  optical  tracking  stations  also  girdled  the  globe  and  were 
immediately  available  for  photographic  and  visual  tracking  of  spacecraft 
that  were  large  enough  to  be  detected  by  such  means.  To  produce  all  these 
a substantial  component  of  American  aerospace,  electronics,  and  other 
industry  had  been  employed,  generating  hardware  and  acquiring  an  expe- 
rience ready  to  be  used  for  tackling  the  challenges  that  lay  ahead.7 

One  of  the  first  tasks  facing  NASA  in  the  fall  of  1958  was  to  determine 
what  additional  launch  vehicles  would  be  required  to  accomplish  the  space 
missions  planned  for  the  program.  While  most  of  the  launchers  w’ould 
derive  from  military  hardware,  some,  especially  for  the  manned  spaceflight 
program,  would  have  to  be  built  from  scratch.  So.  too.  would  the  space- 
craft for  the  science,  applications,  and  manned  spaceflight  missions. 


Lunch  Vehici.es 

It  is  not  necessary  for  understanding  the  relationship  of  launch  vehicles 
to  the  space  science  program  to  delve  deeply  into  how  they  were  developed, 
but  a few  principles  should  be  understood.  First,  a number  of  different 
vehicles  were  required.  One  might  have  supposed  that  a single  launch  ve- 
hicle. which  could  do  everything  the  program  required,  would  be  ideal. 
With  only  one  manufacturing  line,  one  kind  of  assembly,  test,  and  launch 
facilities,  one  kind  of  operational  equipment  and  procedures,  and  basically 
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one  launch  team,  a substantial  background  of  experience  would  quickly 
build  up  for  that  vehicle.  Engineers  and  technicians  would  become  thor- 
oughly familiar  with  its  characteristics  and  idiosyncrasies,  so  that  a high 
degree  of  reliability  could  be  ensured. 

But  in  an  era  when  a launch  vehicle  was  expended  for  each  firing,  the 
economics  would  not  be  favorable.  For.  to  be  acceptable,  a single  vehicle 
would  have  to  be  able  to  accomplish  both  the  simplest  and  the  most  diffi- 
cult of  the  missions  required — from  small,  near-earth  satellite  missions  to 
manned  flights  to  the  moon.  On  the  most  difficult  missions,  the  launch 
vehicle  would  presumably  operate  most  efficiently,  and  the  costs  would  be 
commensurate  with  the  accomplishments.  But  to  use  such  a vehicle  for  less 
demanding  missions  would  be  most  inefficient;  indeed,  the  cost  of  the 
launch  vehicle  could  overwhelm  the  cost  of  the  spacecraft.  To  mitigate  this 
problem  of  cost  there  would,  of  course,  be  pressure  to  fly  many  small  mis- 
sions on  a single  launch  vehicle,  or  to  let  small  missions  ride  piggyback  on 
larger  ones.  thus,  reducing  the  cost  per  spacecraft;  but  then  different  kinds 
of  complications  would  enter  in.  Some  of  these  would  be  fundamental,  as 
when  one  set  of  experiments  required  a circular  orbit,  another  set  an  ec- 
centric orbit.  still  another  a polar  orbit,  and  a fourth  an  equatorial  orbit. 

For  expendable  launch  vehicles  such  considerations  led  to  the  conclu- 
sion that  the  most  efficient  approach  would  be  a graduated  series  running 
from  a small,  inexpensive  vehicle  to  the  very  large,  very  expensive  ones. 
The  gradation  between  vehicles  would  be  large  enough  to  yield  a substan- 
tial increase  in  payload  and  mission  capability,  but  small  enough  to  avoid 
having  to  use  vehicles  too  costly  for  their  assigned  missions.  Obviously  the 
way  in  which  these  requirements  were  met  was  a matter  of  judgment,  and 
in  some  respects  arbitrary.  The  subject  was  constantly  under  study  by  both 
the  military  and  NASA.* 

Second,  the  basic  physics  of  rockets  dictated  that  major  launch  vehicles 
should  be  multistage,  or  step,  rockets — that  is.  combinations  of  twro  or 
more  rockets,  called  stages,  which  bum  one  after  the  other.  .As  soon  as  the 
first  stage  has  used  its  propellants,  it  is  discarded,  after  which  at  an  appro- 
priate time  the  second  stage  is  ignited.  When  the  second  stage  has  burned 
out  and  been  discarded,  the  third  stage  is  ready  to  fire.  And  so  on.  Multi- 
staging is  important  for  rockets  that  must  work  against  the  force  of  gravity, 
for  otherwise  the  propellants  must  supply  the  energy'  needed  to  prop*?  the 
entire  rocket  structure  against  the  pull  of  gravity  for  the  whole  launching 
phase.  But  with  staging,  in  which  portions  of  the  structure  are  discarded  as 
soon  as  they  are  no  longer  needed,  only  a small  fraction  of  the  entire  vehicle 
need  be  propelled  into  the  final  orbit  or  space  trajectory.  The  early  rocket 
pioneers  recognized  the  importance  of  staging,  a point  that  Robert  God- 
dard elaboiated  in  his  famous  Smithsonian  paper.*  In  the  space  program 
two-stage  and  three-stage  vehicles  became  common,  four-  and  five-stage 
combinations  not  uncommon. 
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In  the  scramble  to  put  together  a national  launch  vehicle  capability 
after  the  formation  of  NASA,  it  was  natural  that  whatever  vehicles  were 
available  or  could  be  assembled  from  the  existing  military  programs  would 
be  used.  In  1959  six  out  of  the  seven  vehicles  that  were  available  to  NASA 
came  largely  from  the  missile  program.10  The  seventh  was  Vanguard,  which 
had  been  built  by  the  Nan  for  the  IGY. 

To  expand  the  national  capability,  additional  vehicles  would  be  devel- 
oped (fig.  10).  Scout,  a four-stage,  solid-propellant  vehicle,  would  provide 
an  inexpensive  means  for  launching  70  kilograms  to  185  (or  even  550) 
kilometers.  Vega  and  Centaur,  the  latter  using  the  high-energy  propellants 
liquid  hydrogen  and  liquid  oxygen,  would  substantially  extend  the  launch 
capability  of  Atlas-based  vehicles.  Juno  V vehicles  and  Nova  were  intended 
to  support  a variety  of  manned  missions.  Nova  was  expected  to  generate  a 
thrust  of  G 000 000  pounds — almost  27000000  newtons — and  would  be 
required  for  launching  men  in  a direct  ascent  from  the  ground  to  the 
moon's  surface. 

Fifteen  years  later  the  situation  was  entirely  different.  By  then  a be- 
wildering variety  of  rocket  stages  and  launch  vehicle  combinations  had 
been  developed,  along  with  an  extensive  literature.11  What  the  vehicles 
could  do  for  the  various  space  missions  can  be  deduced  from  the  per- 
formance figures  for  the  launch  vehicles  in  figures  10  through  IT 

As  seen  in  figure  1 1,  by  1962  the  Hustler  and  Vega  had  been  eliminated. 
Likewise,  Juno  II,  which  had  not  proved  particularly  useful,  had  been 
dropped.  Nova  plans  called  Cor  doubled  thrust,  and  Saturn  was  to  rely  on 
liquid-hydrogen,  liquid-oxygen  engines  for  its  upper  stages.  By  1966  Nova 
had  disappeared  because  of  NASA's  decision  in  July  1962  to  use  lunar-orbit 
rendezvous  instead  of  direct  ascent  Cor  the  Apollo  missions.12  Several  ver- 
sions of  Saturn  would  support  NASA's  manned  spaceflight  programs;  the 
largest,  Saturn  V.  would  be  used  for  the  manned  lunar  missions.15  The 
Department  of  Defense  preferred  not  to  be  tied  into  the  expensive  and 
highly  experimental  Saturn,  so  in  following  years  the  Titan  111  line  of 
launchers  was  introduced  into  the  stable  to  support  large-scale  military 
missions.  Titan  111  additions  can  be  seen  in  the  display  for  1972  (fig.  13).  at 
which  time  the  only  Thor-based  vehicle  remaining  was  Delta. 

These  launch  vehicles,  with  the  sounding  rockets  discussed  at  the  start 
of  this  chapter,  made  up  the  backbone  of  l\S.  capability  explore  and 
investigate  space.  They  resulted  from  joint  planning  by  NASA  and  the 
military  to  sene  their  respective  needs.14  Other  rockets  and  rocket  stages 
were  put  together  for  special  purposes,  usually  by  the  military  , but  their 
existence  did  not  change  the  overall  picture. 

In  the  1970s  a basic  change  was  initiated  w ith  the  commitment  to  the 
Space  Shuttle,  which  in  the  1980s  would  supplant  most  of  the  expendable 
boosters  for  launching  spacecraft  into  near-earth  orbit.  The  launch  vehicle 
line-up  in  the  fall  of  1976  (fig.  M)  shows  how  the  elimination  of  the 
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Saturns,  following  the  completion  of  the  Apollo  and  Skylab  programs  by 
the  mid*  1970s,  and  the  prospect  of  the  Space  Shuttle  by  the  1980s  had 
thinned  out  the  stable.  Only  five  vehicles  remained;  Scout  for  small  pay- 
loads,  Delta  and  Atlas-Centaur  for  medium  and  large  payloads*  and  two 
Titan  III  combinations  for  the  very  large  payloads. 

Throughout  the  entire  evolution  of  the  launch  vehicle  stable,  both 
Scout  and  Delta  remained.  Relatively  inexpensive,  able  to  support  a sub- 
stantial number  of  the  researches  that  scientists  wanted  to  do,  these  launch 
vehicles  had  great  appeal.  Even  with  the  Shuttle  in  operation.  Scout  at 
least  was  likely  to  remain,  for  even  the  Shuttle  might  not  prove  economical 
for  small  missions  w ith  a wide  variety  of  special  trajectory  requirements. 

Scout  and  Delta  also  illustrate  another  feature  of  the  national  launch 
vehicle  program.  As  the  group  of  vehicles  improved  as  a family  over  the 
years,  performance  of  the  individual  vehicles  also  improved.  In  1962  Scout 
could  put  100  kg  into  a near-earth  orbit;  by  the  1970s  this  performance  had 
doubled.  In  the  same  period  Delta  s performance  had  shown  an  even  greater 
growth.  In  1962  Delta  could  send  several  hundred  kilograms  into  a near- 
earth  orbit  or  25  kg  to  Mars  or  Venus:  by  1976  Delta  could  loft  2000  kg  into 
a 183-km  orbit  or  340  kg  to  the  near  planets.  The  increased  performance, 
which  most  vehic  les  experienced  over  the  years,  was  brought  by  continuing 
programs  of  improving  and  uprating  the  vehicles.  While  improvement 
programs  were  the  pride  of  the  vehicle  engineers,  they  were  sometimes  the 
bane  of  top  management,  which  would  often  have  preferred  to  settle  upon 
some  acceptable  level  of  performance  and  then  stop  spending  any  more 
money  on  vehic  le  development. 

Like  the  Limed  States,  the  Soviet  Lnion  developed  a launch  vehicle 
stable.**  During  the  1960s,  however,  the  Soviet  Lnion  appeared  to  rely  on 
fewer  kinds  of  vehicles  than  did  the  United  States,  perferring  to  use  a single 
model  for  a wider  variety  of  missions.  I~he  Russian  preference  may  be  prima 
facie  evidence  that  the  economic  factors  of  using  large  vehicles  for  small- 
payioad  missions  were  not  as  prohibitive  as  American  planners  felt  they 
were;  but  comparing  Russian  economics  with  American  is  a risky  business. 
The  USSR  may  simply  have  decided  to  pay  the  extra  cost  for  the  conven- 
ience afforded. 

Only  the  United  States  and  the  Soviet  Union  developed  extensive 
launch  capabilities.  Other  nations  interested  in  space  research  and  applica- 
tions turned  largely  to  the  United  States  for  assistance  in  launching  space- 
craft or  indiv  idual  experiments,  as  will  be  explored  in  chapter  18.  Some 
nations,  however,  desiring  to  lessen  this  dependence,  proceeded  to  develop 
vehicle's  of  their  own.  Among  those  were  Britain.  France,  Japan.  People  s 
Republic  of  China,  and  the  European  Lumdui  Development  Organiza- 
tion, a coalition  of  countries  that  pooled  Resources  to  develop  a launcher 
approaching  the'  Atlas- Agena  capability.16  Italy  set  up  an  equatorial  launch- 
ing facility  in  the  Indian  Oce'an  off  the  (exist  of  Kenya,  but  used  the  Ameri- 
can Seoul  as  launch  vehicle.17 


I. ST 


lUoframt  of  payload  i 

to  escape  9 55  45  145* 


Scoot  Thor  Delta  Thor  Atlai  Atlas-  Centaur  Saturn  Advanced  Nova 
AWe  Afena  B B C l Saturn 

mpBim  of  payload  Star 

to  555-ka  orbit  70  400  230  750  1200  2500  5900  9100  90  700  15&8000 

KiopuM  of  payload 

to  escape  50  540  1000  SB  600  68  000 


Scout  Delta  Atlas-  Atlas-  Titan  Titan  Tita'  Titan  Saturn  IB  Saturn  V 
Afena  Centaur  IHB  U1C  HID  HID 

Agtna  Centaur 


Kilofran:*  of  payload 
to  18l-k«  orbit 


15  900* 

180  1150  3810  5100  4100  12  200  15  600(6  560) 


18600  118  00G 


Kiiocrams  ot  payload 

toVUn.  V«k*«  205  520  750  410  1 270  5 86C  56S00 


“With  modification 


Feet 


Evolution  of  the 
national  launch 
vehicle  stable 


Seoul  Thor  Thor  Atlas-  Titan  Atlas-  Titan  Saturn  I Saturn  IB  Saturn  V 
Kilograms  of  pavload  Prha  Vgena  Agcna  D U Centaur  111C 

to  185-km  orbit  150  420  712  2900  3500  4300  11400  10  300  IS  000  1 U 000 

Kilograms  of  pavload 

to  escape  47  450  1050  2 500  43  000 


Seoul  Delta  Atlas-  Titan  1IIC  Titan  Ulfc- 

KilogTams  of  pavload  2914  Centaur  Centaur 

to  185  km  orbit  _ 200  2000  5100  13  100  15  400 

Kilograms  of  pavload 
to  Mars.  Venus 


340 


730 


1 500 


5 700 


Feet 


Beyond  the  Atmosphere 


By  1966— when  Centaur  became  fully  operational— the  United  States 
could  at  last  launch  spacecraft  for  just  about  any  space  mission  the  country 
might  want  to  undertake,  except  the  very  demanding  ones  requiring  the 
Saturn  or  Titan  still  under  development.  Althougl  the  debate  over  whether 
the  United  States  could  or  could  not  match  Russian  launch  capability  still 
arose  occasionally,  the  subject  no  longer  had  the  importance  it  once  did. 
As  long  as  the  United  States  could  carry  out  the  scientific  investigations 
and  make  the  space  applications  it  desired— sometimes  using  miniaturiza- 
tion techniques  to  overcome  limitations  on  total  payload  weights— the 
country'  could  compete  with  the  Soviet  Union  on  essentially  equal  terms, 
and  the  comparative  sizes  of  rockets  were  then  an  artificial  criterion  on 
which  to  judge  Soviet  and  U.S.  space  prowess. 

The  ability  to  launch  objects  and  men  into  space  rested  on  a substantial 
investment  in  manpower  and  facilities— design,  engineering,  construction, 
assembly,  and  test  facilities  in  both  industry  and  government.  Most  visible 
were  the  launching  ranges,  which  along  with  the  launch  vehicles  them- 
selves symbolized  the  nation  s space  capability.  In  the  United  States  the 
principal  facilities  were  the  Eastern  Test  Range,  with  launch  areas  at  Cape 
Canaveral  and  Merritt  Island  in  Florida;  and  the  Western  Test  Range,  for 
which  the  launching  areas  were  at  Vandenberg  Air  Force  Base  in  Califor- 
nia.18 A smaller  launch  station  was  used  by  NASA  for  firing  Scouts  from 
Wallops  Island  on  the  Virginia  coast.19  Supplementing  these  were  sound- 
ing rocket  ranges  at  the  White  Sands  Missile  Test  Facility  in  New  Mexico, 
Wallops  Island.  Point  Mugu  in  California,  a J Fort  Churchill  in  northern 
Canada.  Occasionally  shipbome  launchers  were  used  for  special  missions. 

The  Soviet  Union  operated  a number  of  major  launch  ranges  out  of 
Tyuratam,  Kapustin  Yar,  and  Plesetzk.20  A few  other  countries  established 
satellite  launch  ranges.21  By  invitation  American  sounding  rockets  were 
fired  at  numerous  ranges  around  the  world — for  example,  at  Thumba  in 
India,  at  Woomera  in  Australia,  and  at  Andoeya,  Norway.22 

Spacecraft 

What  the  United  States  could  do  with  its  launch  capabilities  was  re- 
vealed by  the  spacecraft  the  country  built  and  launched.  As  with  the  many 
rockets  and  rocket  stages,  one  could  easily  become  totally  immersed  in  the 
subject  of  spacecraft,  w hich  displayed  a bew  ildering  variety  of  shapes,  sizes, 
and  purposes.  A partial  listing  of  U.S.  and  foreign  spacecraft  is  given  in 
tables  3 and  4. 25  As  with  launch  vehicles,  it  is  not  necessary  to  know  all  the 
spacecraft  in  intimate  detail  to  understand  their  role  in  the  space  science 
program.  A few'  general  concepts  suffice.  By  dividing  spacecraft  into  a few 
representative  classes,  one  can  understand  their  various  functions  better. 

First,  there  was  the  sounding  rocket,  a rocket  instrumented  for  high- 
altitude  research  and  fired  along  a vertical  or  nearly  vertical  trajectory  . To 
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Table  3 

United  States  Spacecraft 

(Partial  list,  excluding  commercial  and  Defense  Department  spacecraft) 


Vanguard 

Explorer 

Interplanetary  Monitoring 
Platform  (IMP) 

Orbiting  Geophysical 
Observatory  (OGO) 

Orbiting  Solar  Observatory 
(OSO) 

Orbiting  Astronomical 
Observatory  (OAO) 

High  Energy  Astronomical 
Observatory  (HEAO) 

Bio&atellite 

Pegasus 

Echo 

Relay 

Syncom 

Applications  Tec  hnology 
Satellite  { ATS) 

Tiros 

ESSA 

Nimbus 

ERTS 

Synchronous-orbit  Meteor- 
ological Satellite  (SMS) 

PAGEOS 

GEOS 

LAGEOS 


Earth  Satellites 

International  Geophysical  Year,  Explorer  class. 

Small  satellite  for  near-earth  missions. 

Explorer-class  satellite  to  explore  cislunar  and  lunar  space. 

Observatory -class  satellite  for  geophysical  research. 

Observatory-class  satellite  for  solar  studies. 

Observatory -class  satellite  for  stellar  astronomy. 

Very  heavy  , observatory-class  satellite  for  study  ing  shortwave 
and  high-energy  phenomena  in  cosmos. 

Observatory -class,  recoverable  satellite  for  life  sciences. 

Observatory-class  satellite  for  micrometeoroid  studies. 

Applications  satellite.  Large  metallized  sphere  for  passive 
'omnuinications  studies. 

Active  communications  satellite. 

Active  communications  satellite  in  synchronous  orbit. 

Platform  for  a variety  of  applications  technology  researches, 
particularly  in  svnehronous  orbit. 

Large  Explorer-class  weather  satellite. 

Operational  version  of  Tiros. 

Observ  atory -class  weather  satellite. 

Earth  Resources  Technology  Satellite.  Applications  satellite 
devoted  to  earth  resources  research. 

Applications  satellite  in  svnehronous  orbit  for  meteorologi- 
cal research. 

Passive  geodetic  satellite. 

Active  geodetic  satellite  with  flashing  lights  and  radio  instru- 
mentation. 

Geodetic  satellite  with  comer  reflectors  for  use  with  laser 
beams  from  the  ground. 
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Mercury 

One-man  satellite 

Gemini 

Two-man  satellite. 

Apollo  (earth-orbiting) 

Three-man  satellite. 

Space  Probes 

Ranger 

Lunar  hard  lander. 

Surveyor 

Lunar  soft  lander. 

Lunar  Orbiter 

Lunar  satellite  for  photography  of  the  moon  and  lunar 
environment  studies. 

Apollo  lunar  module  with 
command  module 

Manned  lunar  lander  with  manned  lunar  orbiter. 

Pioneer 

Explorer-class  interplanetary  probe. 

Mariner 

Observatory -class  planetary  and  interplanetary  probe. 

Viking 

Observatory -class  planetary  orbiter  plus  lander. 

Voyager 

Observatory  -class  planetary  and  interplanetary  probe  for 
outer  planet  studies.  (Spacecraft  cf  thr  1970s,  not  the  Voyager 
of  the  1960s  that  was  displaced  from  the  program  by  V*Hng.) 

Table  4 

Foreign  Spacecraft 


Soviet  Spacecraft 


Sputnik 

Geophysical  research  satellite. 

Luna 

Unmanned  lunar  orbiter,  lander,  and  return  missions. 

Vostok 

First  Soviet  manned  spacecraft. 

Voskhod 

Adaptation  of  Vostok  to  accommodate  two  and  *hree  cos- 
monauts. 

Soyu/ 

Two-  or  three-man  spacecraft,  with  working  compartment. 

Salvut 

Earth-orbiting  space  station  for  prolonged  occupancy  and 
revisitation  by  cosmonauts. 

Cosmos 

('.ate hall  name  for  variety  of  research  and  test  spacecraft. 

Venus  (Venera) 

Unmanned  Venus  probe*. 

Polyol 

Earth  satellite  with  onboard  propulsion  for  changing  orbits. 

Elektron 

Radiation  belt  satellite,  launched  in  pairs. 
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Zond 

Lunar  and  deep-space  probe. 

Molniya 

Communications  satellite  in  12-hour  orbit  with  low  perigee 
and  with  apogee  near  synchronous-orbit  altitude. 

Meteor 

Weather  satellite. 

Intercosmos 

Soviet  international  satellite. 

Oreol 

Scientific  satellite  for  upper  atmosphere  and  auroral  studies. 

Mars 

Unmanned  Martian  probe. 

Prognoz 

Satellite  to  study  solar  plasma  fluxes. 

Raduga 

Geosynchronous  communications  satellite. 

Ekran 

Television  broadcasting  satellite. 

Other  Foreign  Spacecraft,  Launched  with  U.S.  Cooperation 

Ariel 

United  Kingdom  satellite  for  geophysical  ar  ■ . ov  meal 
research. 

Alouette 

Canadian  satellite  for  ionospheric  research. 

ISIS 

Canadian  satellite  for  ionospheric  reseat ch. 

San  Marco 

Italian  satellite  for  geophysical  research. 

French  (FR-1) 

French  satellite  for  ionospheric  research. 

ESRO 

European  Space  Research  Organization  satellite  for  particles 
and  fields  investigations. 

AZUR 

German  satellite  for  particles  and  fields  research. 

Skynet 

United  Kingdom  satellite  for  comrrr  mirations. 

NATO 

NATO  satellite  for  communications. 

GAS  (Hole) 

French  satellite  for  data  collection  and  meteorology. 

Barium  Ion  Cloud 

German  satellite  for  geophysical  research. 

AN  IK 

Canadian  geosynchronous  satellite  for  communications. 

Aeros 

German  geophysical  satellite. 

ANS 

Netherlands  satellite  for  'Itraviolet  and  x-ray  astronomy. 

INTASAT 

Spanish  satellite  for  ionospheric  research. 

Helios 

German  deep-space  probe  for  interplanetary  and  solar  stud- 
ies inside  the  orbit  of  Mercury. 

Symphonie 

French-German  satellite  for  communications. 

COS 

European  Space  Agency  satellite  for  study  of  cosmic  gamma 
rays. 
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distinguish  between  sounding  rockets  and  space  probes,  a 'unit  of  me 
earth's  radius  was  arbitrarily  set  on  the  altitude  ot  a sounding  rocket.24  The 
sounding  rocket  was  really  both  launch  vehicle  and  payload  combined. 
Only  rarely  was  the  payload  separated  from  the  flying  rocket,  and  when 
this  did  happen,  the  payload  still  traversed  an  up-and-down  trajectory 
alongside  that  of  its  launching  rocket. 

Sounding  rockets,  which  were  the  only  high-altitude  research  vehicles 
capable  of  exceeding  balloon  ceilings  before  the  launching  of  Sputnik, 
continued  through  the  1970s  to  be  important  in  the  U.S.  space  program, 
being  launched  at  the  rate  of  about  100  a year.  They  provided  the  best 
means  of  obtaining  vertical  cross  sections  of  atmospheric  properties  up  to 
satellite  altitudes  and  also  were  inexpensive  devices  for  trying  out  new  in- 
strumentation or  making  exploratory'  measurements  of  phenomena  to  be 
studied  in  detail  later  with  more  expensive  spacecraft.  Their  relatively  low 
cost  and  the  speed  with  which  a sounding  rocket  experiment  could  be 
prepared  and  carried  out  also  made  sounding  rockets  useful  for  graduate 
research  where  the  s jdent  needed  to  complete  a project  in  a reasonable 
amount  of  time  to  support  his  dissertation.  But  not  only  students  found  the 
sounding  rocket  attractive.  Many  professional  space  scientists  continued  to 
favor  sounding  rockets  for  much  of  their  research,  as  opposed  to  the  more 
complicated,  more  expensive,  and  more  demanding  satellites.25  Through 
the  years  there  was  a steady  demand  on  NASA  for  sounding  rockets,  and 
the  agency  was  fiequently  urged  to  increase  its  budget  in  this  area,  even 
though  by  1965  the  budget  had  risen  to  $19  million  a year,  an  order  of 
magnitude  more  than  had  been  spent  per  year  on  such  research  during  the 
days  of  the  Upper  Atmosphere  Rocket  Research  Panel. 

Yet  satellites  were  required  for  many  space  experiments,  particularly 
for  long-duration  observations  above  the  earth’s  atmosphere.  For  these, 
many  different  satellites  were  devised,  as  may  be  seen  from  table  3.  Gener- 
a’ly  these  spacecraft  could  be  divided  into  three  classes:  Explorers,  observa- 
tories, and  manned  spacecraft. 

The  simplest  weie  the  Explorers,  whose  weights  usually  ranged  from 
less  than  30  kilograms  to  several  hundred  (fig.  15).  Each  was  devoted  either 
to  a single  experiment  or  to  a small  collection  of  related  experiments.  Ex- 
plorers were  either  unstabilized  or  used  fairly  simple  techniques  for  obtain- 
ing a rough  degree  of  stability.  If  the  spacecraft  were  spun  around  a suit- 
able axis,  that  axis  would  maintain  its  general  direction  in  space.  Long 
booms  could  be  used  to  generate  a gravitational  torque  on  the  satellite, 
keeping  a chosen  side  toward  the  ground.  Explorers  n>uallv  used  batten 
power-supplies,  sometimes  replenished  by  energy  from  solar  cells. 

Explorers  were  much  simpler  than  obsenatorv  satellites.  The  obsena- 
tory  class— which  included  the  Orbiting  Solar  Obsenatorv  (fig.  16),  the 
Orbiting  Geophysical  Obsen  atorv  (fig.  17),  and  the  Orbiting  Astronomical 
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Observatory  (fig.  18) — consisted  of  very  heavy,  complex,  accurately  stabi- 
lized spacecraft.  Weights  ranged  bom  several  hundreds  of  kilograms  to  tons. 
The  much  greater  site  and  weight  of  the  observatories  permitted  more  sci- 
entific payload  and  more  sophisticated  instrumentation.  They  could  devote 
a considerable  weight  to  what  was  called  “housekeeping**  equipment— 
power  supplies,  temperature  control,  and  tracking  and  telemetering  equip- 
ment. As  with  the  Orbiting  Geophysical  Observatory,  time  might  be  pro- 
vision for  special  operations  such  as  erecting  booms  to  hold  instruments 
like  magnetometers  at  a distance  from  the  main  body  of  the  spacecraft, 
which  otherwise  might  influence  the  measurements  to  be  made.  The  Or- 
biting Astronomical  Observatory  and  the  Nimbus  meteorological  satellite 
were  equipped  with  large  paddles,  covered  with  solar  cells,  which  could  be 
unfolded  and  kept  facing  the  sun  to  furnish  power  for  the  spacecraft  and 
its  instruments.  As  a rule  observatories  carried  elaborate  systems  for  main- 
taining a desired  orientation  in  space,  so  that  scientific  instruments  could 
be  pointed  in  a chosen  direction.  This  was  especially  true  of  the  astronc.n- 
ical  satellites,  whose  instruments  measured  radiations  from  selected  celestial 
bodies.  The  Orbiting  Astronomical  Observatory,  for  example,  used  spe- 
cially designed  star  trackers  which,  by  fixing  on  several  chosen  stars  in 
widely  different  directions,  could  establish  a reference  frame  for  the  space- 
craft. Wi»h  this  refrence  frame  as  a guide,  the  observatory  could  be  slewed 
around  to  any  chosen  direction.  Once  properly  oriented,  the  spacecraft 
could  be  held  fixed  to  within  a minute  of  arc.  and  telescopes  within  the 
satellite  could  be  trained  for  long  periods  of  time  on  their  observational 
targets  with  an  accuracy  of  fractions  of  a second  of  arc. 

A variety  of  schemes  provided  the  ability  to  alter  and  then  maintain 
spacecraft  orientation.  Most  frequently  used  were  small  intermittent  jets, 
developed  either  by  small  chemical  rockets  or  by  releasing  high-pressure 
gas — nitrogen,  for  example — through  small  nozzles.  Other  methods  were 
also  used,  often  supplementing  the  jets.  Electric  current  passing  through 
loops  of  wire  mounted  in  the  spacecraft  would  develop  magnetic  fields 
which,  reacting  against  the  magnetic  field  of  the  earth,  would  exert  a torque 
on  the  satellite  that  could  be  used  to  alter  the  orientation.  Rapidly  spin- 
ning wheels — gyroscopes — that  stubbornly  resist  efforts  to  change  their  ori- 
entation in  space,  could  also  help  point  and  stabilize  spacecraft.  Most  of 
the  structure  of  the  Orbiting  Solar  Observatory  rotated  to  provide  gyro- 
scopic stabilization.  Finally,  if  the  mass  of  a spacecraft  was  distributed 
much  as  the  material  in  a dumbbell,  the  earth  s gravity  could  keep  the 
satellite  pointed  toward  the  earth  s surface,  as  in  Applications  Technology 
Satellites.  Since  the  earth's  gravitational  field  varies  inversely  with  the 
square  of  the  distance  from  the  center  of  the  earth,  the  end  of  such  a space- 
craft nearer  the  earth  would  experience  a greater  pull  of  gravity  than  would 
the  end  farther  away.  Thus,  whenever  the  end  facing  the  earth  tended  to 
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drift  away,  the  greater  force  of  gravity  on  it  would  pull  that  end  back 
toward  the  earth  again. 

Observatory-size  spacecraft  were  also  large  enough  to  carry  additional 
rockets  which,  when  fired  against  the  direction  of  the  satellite’s  motion, 
could  return  the  spacecraft  to  earth,  where  its  equipment  and  records  could 
be  recovered.  Once  on  its  way  down,  the  spacecraft  would  have  to  be  pro- 
tected against  heat  generated  by  friction  of  the  atmosphere,  for  which  pur- 
pose retroroekets— that  is.  rockets  fired  in  the  direction  of  motion  to  slow 
the  spacecraft— or  parachutes,  or  a combination  of  the  two.  could  be  used. 

Finally,  there  were  the  manned  spacecraft  (figs.  19-22).  These  were  even 
larger  than  the  unmanned  observatories,  since,  in  addition  to  housekeeping 
equipment  and  instruments,  the  spacecraft  had  to  be  completely  maneuver- 
able  to  return  the  astronaut  to  earth  after  the  mission  and  also  had  to  afford 
a suitable  environment  for  the  crew. 

All  three  classes  of  satellites  had  their  uses.  The  manned  spacecraft 
introduced  the  element  of  exploration— of  personal,  on-the-spot  investiga- 
tion—into  the  program.  With  men  aboard  it  became  possible  to  extend 
laboratory  research  into  the  environment  of  space,  as  was  done  dramati- 
cally in  Skylab  and  ihe  Apollo-Soyuz  Test  Project.2*  When  Space  Shuttle 
development  was  begun  in  the  early  1970s.  one  motivation  was  to  make  it 
relatively  easv  for  researchers  to  perform  experiments  in  space  laboratories. 

At  the  other  end  of  the  spectrum.  Explorer-class  satellites  permitted 
scientists  to  |>erform  a wide  range  of  space  sc  ience  experiments,  as  shown 
in  table  5.  To  the  scientists,  the  lower  costs  meant  that  more  of  the  funds 
available  could  be  put  into  the  scientific  research  itself.  Also,  the  effort 
required  to  put  an  experiment  into  an  Explorer  was  considerably  less  than 
that  required  for  an  observatory — one  or  two  years  as  opposed  to  many 
years.  When  a discovery  was  made,  an  experimenter  could  more  quickly 
follow  up  with  new  experiments  on  sounding  rockets  and  Explorers  than 
he  could  using  observatories.  Moreover,  not  having  to  fit  his  instruments 
alongside  those  of  many  other  experimenters — with  all  the  problems  of 
electrical,  radio,  and  other  kinds  of  interference — the  experimenter  could 
exercise  greater  control  over  his  experiment.  These  advantages  account  for 
the  unvarying  insistence  of  the  scientific  community  that  NASA  continue 
to  provide  sounding  rockets  and  small  satellites.  Whenever  larger  projects 
appeared  to  threaten  the  funding  of  the  smaller  ones,  the  scientific  com- 
munity rose  in  defense'  of  the  smaller.  Over  this  issue  the  scientists  came  as 
near  to  unanimity  as  the\  ever  did. 

On  the  other  hand,  some  investigations  required  a greater  capability 
than  the  Explorers  afforded.  Astronomy  experiments  that  requirt'd  large 
telescopes  and  precision  pointing  are  one  example.  Bioscience  experiments 
that  required  the  recovery  of  specimens  after  exposure  to  the  environment 
of  space — as  in  the  Biosatellite— are  another.27  The  Orbiting  Geophysical 
Observatory  afforded  the  means  of  conducting  20  or  more  experiments  on 
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Table  5 

Examples  of  Investigations  in  Explorer-Class  Missions 


Spacmait 


Subject  of  Investigation 


I 'anguard  I Satellite  geodesy. 

I an  guard  2 Cloud-cover  studies. 

Vanguard  3 Survey  of  earth's  magnetic  field  and  lower  edge  of  radiation  belts. 


Explorer  l 
Explorer  6 
Explorer  7 
Explorers 
Explorer  9 
Explorer  10 
Explorer  II 
Explorer  12 
Explorer  13 
Explorer  14 
Explorer  16 
Explorer  17 
Explorer  IS 
Explorer  20 
Explorer  27 
Explorer  30 
Explorer  38 
Explorer  42 


Charged  panicle  radiations  in  space. 

Radiation  belt;  meteorology. 

Energetic  panicles;  mkrometeoroids. 

Ionosphere;  atmospheric  composition. 

Atmospheric  pressures  and  densities. 

Interplanetary  magnetic  field  near  earth;  panicle  radiations. 
Gamma  rays  from  space. 

Magnetospherk  studies. 

Mkrometeoroids. 

Charged  panicles  and  magnetic  fields  in  magnetosphere. 
Micrometeoroids, 

Atmospheric  composition. 

Charged  panicles  and  magnetic  fields  in  cislunar  space. 
Probe  of  topside  of  ionosphere 
Geodesv  by  radio  tracking  methods. 

Solar  x-rav  studies. 

Radio  astronomy. 

Catalog  and  study  of  celestial  x-ray  sources. 


Pioneer  5 Interplanetary  charged  panicles  and  magnetic  fields. 


Artel  l Ionospheric  and  solar  research. 

Artel  2 Atmospheric  research  and  radio  astronomy. 


Abuette  l Charge  densities  in  upper  ionosphere  and  radiation  belt  studies. 


San  Marco  I Atmospheric  physics. 

ESRO  2B  Cosmic  rays  and  radiations  from  sun. 


one  spacecraft,  so  that  a variety  of  related  phenomena  could  be  observed 
simultaneously  and  correlated. 

As  with  the  launch  vehicles,  it  proved  impossible  to  find  a single  space- 
craft carrier  that  would  serve  all  needs,  although  some  attempts  were  made 
in  this  direction.  One  spoke  of  building  a standardized  satellite,  to  effect 
economies  and  improve  reliability.  When  conceived,  the  Orbiting  Geo- 
physical Observatory  was  described  as  a ‘streetcar  satellite/’  whose  contin- 
uing use  would  so  reduce  the  preparation  time  for  an  experiment  that 
researchers  could  ger  their  equipment  aboard  at  the  last  minute — like 
catching  a streetcar  or  bus — to  follow  up  on  some  recent  space  science 
discovery.  Initial  reaction  to  the  streetcar  concept  was  positive,  and  the  idea 
had  the  blessing  of  the  vSpace  Science  Panel  of  the  President  s Science  Ad- 
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visory  Committee.2*  But  the  problems  of  serving  so  many  experimenters  cm 
one  spacecraft  defeated  the  objective.  For  each  observatory  a great  deal  of 
tailoring  was  required,  compromises  had  to  be  worked  out  on  orbits,  orien- 
tation, placement  of  instruments,  magnetic  cleanliness  of  the  spacecraft, 
allocation  of  telemetering  capacity,  and  operating  time.  Use  of  a common 
electrical  power  supply  invited  electrical  interference  among  different  ex- 
periments, and  often  an  offending  experimenter  was  required  to  provide 
his  own  power.  Ionospheric  and  radiation  belt  phenomena  were  funda- 
mentally related  to  the  earth's  magnetic  field,  making  it  important  to 
measure  ions,  radiation  particles,  and  magnetic  fields  simultaneously.  But 
the  various  measuring  instruments  could  easily  interfere  with  each  other 
unless  care  was  taken.  Those  who  wished  to  determine  atmospheric  com- 
position at  spacecraft  altitudes  required  that  the  satellite  and  other  instru- 
ments not  contaminate  the  natural  atmosphere  with  gases  brought  up  from 
the  ground— another  difficult  problem  when  large  numbers  of  experiments 
were  being  conducted  simultaneously. 

Such  problems  defeated  the  efforts  to  produce  standardize  °llites  in 
the  same  sense  as  standardized  autos  and  auto  parts  or  standa*  ^zed  home 
appliances.  Nevertheless  a considerable  amount  of  uniformity  was  achieved. 
The  basic  structure,  housekeeping,  and  orientation  systems  of  the  soiar 
observatories  were  essentially  the  same  from  spacecraft  to  spacecraft.  Even 
ihe  geophysical  observatories,  with  all  the  tailoring  that  they  required,  had 
much  in  common  with  each  other.  More  important,  the  technology  on 
which  spacecraft  were  based  acquired  over  the  years  a certain  amount  of 
standardization. 

In  this  sense  even  the  Explorers  were  standardized.  Certainly  no  more 
varied  looking  group  of  satellites  could  be  assembled  than  those  of  figure 
15.  which  shows  a large  number  of  the  Explorer  satellites.  Yet  they  were  all 
cousins,  stemming  from  a common,  rather  straightforward  technology. 
When  an  engineer  started  out  to  design  an  Explorer-class  satellite,  he  had 
pretty  much  in  mind  the  kinds  of  structure,  temperature  control,  tracking 
and  telemetering  dev  ices,  and  antenna  systems  he  might  use.  He  was  famil- 
iar with  the  kinds  of  vacuum,  thermal,  and  vibration  tests  the  spacecraft 
would  have  to  pass  to  be  approved  for  flight.  To  be  sure,  the  technology 
advanced  over  the  years  as  better  components  and  materials  became  avail- 
able, and  improved  housekeeping  equipment  was  devised.  But  the  family 
relationship  remained.  The  steady,  though  gradual,  change  in  Explorer 
technology  did  make  the  later  Explorers  considerably  more  capable  than 
earlier  ones.  For  example.  Explorer  ?$  launched  on  19  July  1967,  weighing 
1(H  kg  and  operating  from  an  orbit  of  the  moon,  could  far  outperform  the 
first  several  Explorers  w hich  weighed  only  tens  of  kilograms.  Yet  in  the 
evolution  of  the  series,  any  given  Explorer  was  quite  similar  in  its  technol- 
ogy to  the  immediately  preceding  one.  The  same  point  is  illustrated  by  the 
solar  observatories.  These  also  changed  gradually  over  the  years.  In  August 
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1969  the  sixth  solar  observatory.  weighing  290  kg,  went  into  orbit.  Though 
looking  a great  deal  like  the  fi  st  observatory,  launched  on  7 March  1962 
and  weighing  200  kg,  OSO  6 was  more  versatile  than  earlier  ones,  having 
the  capability  to  point  two  te'escopes  at  the  sun  to  study  in  detail  ultra- 
violet and  x-ray  spectra  at  any  | joint  on  the  solar  disk. 

Like  the  earth  satellites,  spate  probes— '-which  were  spacecraft  sent  away 
from  earth  into  deep  space— fall  into  several  classes.  The  analogy  is  very 
dost*.  Akin  to  the  Explorer  satellites  were  the  Pioneer  space  probes  (fig.  23). 
These  were  modest -sired  vehicles,  ranging  from  around  10  kg  in  the  first 
models  to  the  260-kg  weights  of  Pioneer  10  and  II  sent  to  Jupiter  in  1972 
and  1973.  They  were  spin-stabilized  and  instrumented  to  investigate  the 
interplanetary  medinm  and  the  environs  of  a planet  as  the  spacecraft  flew 
by.  During  the  1960s  a number  of  Pioneers  revolving  like  little  planets 
about  the  sun  provided  a great,  deal  of  information  on  the  solar  wind  and 
magnetic  fields  in  space.  When  pit  the  far  side  of  the  sun  from  the  earth. 
Pioneer  radio  signals  were  carefully  observed  to  find  effects  of  the  sun's 
gravity  predicted  by  the  general  theory  of  relativ  ity.  On  $ December  197$ 
Pioneer  10  passed  Jupiter  at  130000  km  from  the  planet’s  surface — taking 
pictures,  measuring  its  radiations,  and  investigating  some  of  its  satellites — 
and  then  receded  along  a trajectory  that  would  eventually  cam  it  out  of 


f igure  2s.  Pioneer.  The  earliest  of  the 
t'S,  spare  probes  provided  the  kind  of 
flexibility  for  the  deep-spare  mvesti- 
gator  that  f.  xplorers  provided  for  earth- 
sateUiie  missions.  Pioneer  8 in  the  photo 
ts  prepared  for  December  P'>67  launch 
into  orbit  of  the  sun. 
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the  solar  system.  A year  later  Pioneer  11  also  flew  by  Jupiter,  sending  back 
more  data  on  the  giant  planet  and  its  satellites,  leaving  the  planet  on  a 
course  that  would  carry  the  spacecraft  in  September  1979  to  the  vicinity  of 
the  second  largest  planet,  Saturn,  famed  for  its  rings.  These  missions  into 
deep  space  give  some  idea  of  Pioneer’s  usefulness  to  the  space  scientist.  As 
with  Explorer,  Pioneer  technology  also  advanced  steadily  through  the 
years,  so  that  in  the  early  1970s  it  was  possible  to  plan  to  use  Pioneer 
spacecraft  to  carry'  orbiters  and  atmospheric  probes  to  Venus  in  the  late 
1970s* 

Analogous  to  the  observatory  satellites  were  the  larger  lunar  and  plane* 
tary  probes:  Ranger,  Surveyor.  Lunar  Orbiter,  Mariner,  and  Viking  (figs. 
24-28).  Like  the  observatories,  these  spacecraft  were  maneuverable  and, 
using  a celestial  reference  system,  could  be  accurately  oriented  in  space.  In 
addition  to  small  jets  for  orienting  the  spacecraft,  they  also  carried  a larger 
rocket  that  could  be  fired  to  alter  the  trajectory  so  as  to  keep  the  craft  on 
course  to  its  intended  target. 

Lunar  Orbiter  carried  enough  auxiliary  propulsion  to  place  it  in  a 
lunar  orbit,  from  which  the  spacecraft  obtained  a series  of  photographs  of 
the  moon.  These  were  later  used  to  produce  maps  of  the  moon’s  surface 
and  to  aid  in  planning  Apollo  missions.  Several  Mariners  carried  enough 
propulsion  to  place  them  in  orbit  about  Mars.  Surveyor  used  retrorockets 
to  slow  the  spacecraft  for  a soft  landing  on  the  moon,  after  which  remotely 
controlled  instruments  televised  and  investigated  the  surrounding  land- 
scape. Viking  combined  both  the  orbiting  and  landing  capability,  the  main 
vehicle  first  going  into  orbit  of  Mars,  after  which  a portion  of  the  space- 
craft separated  and  was  forced  by  rockets  to  descend  to  the  Martian  surface. 

Deep-space  probes  had  to  overcome  problems  additional  to  those'  en- 
countered by  earth  satellites.  For  example,  a Martian  probe  took  about 
two-thirds  of  a year  to  get  to  its  destination.  Ptotien  10  and  11  required 
almost  two  years  to  fly  to  Jupiter,  and  had  to  survive  those  two  years  in  the 
environment  of  space  to  accomplish  their  assigned  missions.  If  an  earth 
satellite  operated  properly  for  a few  months,  the  experimenters  would  have 
a few  months  worth  of  data  for  their  trouble:  but  if  a planetary  probe 
operated  foi  only  a few  months,  they  would  get  no  planetary  data  at  all.  Of 
course,  one  also  made  interplanetary  measurements  on  planetary  flights — 
observing  the  solar  wind,  magnetic  fields  in  space,  dust,  meteor  streams, 
and  cosmic  rays — but  on  planetary  missions  these  were  secondary  objectives. 

Another  requirement  for  the  great  distances  traveled  by  interplanetary 
and  planetary  spacecraft  was  more  powerful  radio  communications  sys- 
tems. The  antenna  had  to  be  pointed  toward  the  earth.  If  omnidirectional 
or  wide-angle  antennas  were  used,  the  power  requirements  went  up.  some- 
times prohibitively.  If,  to  conserve  power,  narrow-beam  antennas  were 
used,  they  exacerbated  the  antenna-pointing  requirement.  Finally  , space- 
craft that  flew  toward  the  sun  had  to  lx>  protected  against  overheating  by 
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solar  radiations,  while  those  that  flew  away  toward  the  outer  solar  system 
had  to  be  protected  against  freezing. 

With  these  larger  space  probes  one  could  plan  in  the  course  of  time  to 
investigate  all  the  planets  and  major  satellites  of  the  solar  system,  and  the 
asteroids  and  comets.  Spacecraft  could  be  placed  in  orbit  around  other 
bodies,  as  was  done  with  Lunar  Orbit er  around  the  moon  and  Mariner 
around  Mars.  Landers  could  place  instrumented  laboratories  on  the  sur- 
faces of  other  bodies,  as  did  Surveyor  and  the  Soviet  Luna  on  the  moon, 
Viking  on  Mars,  and  Soviet  Venus  probes  on  Venus.  It  tvas  even  possible 
to  deposit  roving  laboratories  on  those  bodies,  as  the  Soviet  Union  did 
with  Lunokhod  on  the  moon,  or  retrieve  samples  of  material  from  them 
as  did  Luna  16  and  /7.so 

Finally,  there  were  the  manned  space  probes  (fig.  29).  During  the  1960s 
these  consisted  solely  of  the  Apollo-Lunar  Module  combinations  that  the 
American  astronauts  flew  to  the  moon.  As  with  the  manned  satellites,  these 
provided  the  added  dimension  of  manned  exploration.  The  successful 
Apollo  missions  yielded  such  a wealth  of  scientific  data  as  to  soften  at  last 
the  years- long  lament  of  the  scientific  community  over  the  tremendous  ex- 
pense of  the  Apollo  program. 

Of  course,  operation  of  these  spacecraft  required  auxiliary  equipment 
and  systems.  Out  of  the  Minitrack  tracking  and  telemetering  network  of 
the  International  Geophysical  Year  grew  a versatile  satellite  network  for 
issuing  instructions  to  satellites,  determining  their  orbits,  and  receiving 
telemetered  information.51  To  work  with  the  deep-space  probes,  the  Jet 
Propulsion  Laboratory  established  a deep-space  network  using  26-m  and 
64-m  parabolic  antennas  at  three  stations  spaced  roughly  equally  around 
the  world  in  longitude,  so  that  a distant  space  probe  could  at  all  times  be 
viewed  from  at  least  one  of  the  stations.52  For  manned  spaceflight  a special 
network  was  linked  to  the  Johnson  Space  Center  in  Houston.55  As  needed 
these  were  supported  by  tracking-telemetering  ships  and  aircraft  furnished 
by  the  Navy  and  the  Air  Force. 

The  rockets  and  spacecraft  were  a sine  qua  non  of  the  space  program 
and  of  space  science.  It  is  not  surprising,  therefore,  that  most  of  NASA’s 
activity  and  resources  went  into  the  creation  and  operation  of  these  vehicles. 
The  scientific  researches  themselves,  while  not  inexpensive,  required  only  a 
fraction  of  what  the  tools — the  spacecraft  and  launch  vehicles — cost.  Since 
the  tools  were  where  most  of  the  money  was  going.  Congress  spent  a great 
deal  of  lime  probing  the  budgets  for  them,  and  NASA  managers  became 
accustomed  to  thi.  <ing  of  their  programs  in  terms  of  launch  vehicles  and 
spacecraft.  One  would  speak  of  Ranger  and  Mariner  programs,  and  of  the 
Polar  Orbiting  Geophysical  Observatory  program  and  the  Orbiting  Solar 
Observatory  program— or  rather,  to  the  distress  of  those  to  w hom  acronvms 
are  anathema,  of  the  POGO  and  OSO  programs.  From  time  to  time  sci- 
entists would  chide  NASA  on  this  habit,  pointing  out  that  as  far  as  space 
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science  was  concerned,  the  program  was  to  investigate  the  magnetosphere, 

to  probe  the  origin  and  evolution  of  the  moon  and  planets,  to  understand 
the  solar  processes,  etc.  NASA  managers  agreed,  of  course,  and  indeed  front 
the  very  outset  NASA  people  set  forth  the  scientific  objectives,  not  the  space 
hardware,  as  the  purpose  of  the  space  science  program. M But  the  shorthand 
was  too  convenient,  and  the  practice  persisted  even  among  the  scientists. 


Hard- Learned  Lessons 

The  rockets  and  spacecraft  that  won  NASA  an  image  of  success  did  not 
come  easily  at  first.  During  NASA’s  first  two  years  the  launch  vehicles 
especially  produced  their  share  of  grief.  There  were  importa"*  lessor,-  to 
learn,  and  experience  proved  to  be  a stern  teacher.  Atlas-Able  and  Pioneer 
provide  a good  illustration. 

The  Atlas-Able— a launch  vehicle  using  the  Atlas  missile  as  the  first 
stage  combined  with  a second  stage  from  the  International  Geophysical 
Year’s  Vanguard— had  been  brought  into  the  spaceflight  program  by  Abe 


lunar  and  planetary  exploration  while  the  agency  pressed  the  development 
of  its  own  space  launch  capability.*5  Contracting  with  Space  Technology 
Laboratories  for  three  deep-space  probes— Pioneer  spacecraft —to  be 
launched  bv  a space  vehicle  yet  to  Ire  proved,  NASA  hoped  to  move  faster 
in  its  science  program  than  would  otherw  be  possible  with  the  smaller 
rockets  available  to  the  agency.  At  first  mt  uied  to  launch  a Venus  probe. 
As  las- Able  was  switched  to  lunar  missions  when  the  planetary  flight  ap- 
peared to  be  too  much  to  attempt  a*  the  start.  Hopes  ran  high  for  Atlas- 
Able  and  a number  of  scientists  vied  to  help  outfit  the  probe  with  scientific 
instruments.  They  had  reason  to  be  unhappy  when  their  hard  work  went 
for  naught. 

Pioneer  spacecraft  on  the  Atlas-Able  vehicles  carried  instruments  to 
investigate  interplanetary  space  and  the  moon.  The  Pioneer  program, 
begun  by  she  Air  Force,  was  taken  over  by  NASA  when  the  new  agency 
assumed  responsibility  for  the  nation's  space  science  program.**  Between 
1 1 October  1938  and  13  December  I960,  eight  attempts  were  made  to  launch 
Pioneers  into  space.”  Six,  including  all  three  Atlas- Able  firings,  were  fail- 
ures. Pioneer  4.  riding  a Juno  II  launch  vehicle,  achieved  a limited  success. 
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Only  Pioneer  5,  launches  by  a Thor- Able  on  II  March  I960,  could  be 
call.. cl  an  unqualified  success.  Although  instruments  on  Pioneer  $ provided 
a great  deal  of  information  cm.  cosmic  rays  and  the  space  emarcmmem*  the 
success  could  hardly  erase-  the  gloomy  picture  of  six  outright  failures. 

The  significance  of  the  Pioneer  and  Atlas-Able  failures  was  all  too 
clear  at  the  time.  In  retrospect  that  significance  stands  out  in  high  relief. 
for  scientists  it  emphasised  the  sad  plight  that  could  await  the  expert* 
mentet  who  pur  his  imtmmems  on.  an  as  yet  unproved  vehicle.  Long 
months,  even  years,  of  hard  work  could  prove  fruitless  if  *he  vehicle  did 
not  do  its  job  properly.  John  Si mpmn  of  the  Fermi  Institute  at  the  Univer- 
sity of  Chicago  had  reason  to  lament  this  hard  fe  t of  life.  His  group  had 
ilrvcloped  Wm  instruments  to  investigate  the  couifiosition  and  energy  of 
the  solar  wind  and.  had  accepted  an  invitation  to  put  their  instruments 
aboard  the  Pioneers,  of  which  only  Pioneer  5 had  been  s atisfactory. 

The  fiasco  pfecipitated  a long  series  of  exchanges  between!  Simpson 
and  NASA  in  which  the  frustrated  investigator  explored  ways  of  recouping 
hts  tosses  by  gaining  access  to  other  NASA  flights,  On  fi  tkeernber  I960, 
the  day  after  the  last  Adas- Able  attempt.  Simpson  was  m%  the  phone  ur- 
gently revie  wing  his  situation  with  the  author,**  A half  year  later  Simpson 
w rote  that  hts  group  b id  pan  icipated  in  at  least,  eight  launchings  will  only 
two  successes,  a circumstance  he  attributed  to  having  the  Chicago  expet  i~ 
iiWSifs  flown  c ,i  unproved  rocket  svstetns  or  tiring  assignee!  the  role  of 
secondary  objectives^ 

NASA  had  to  face  the  issue  of  backups  km  experiments*  an 

issue  Wm  wmski  always  be  at  the  back  of  an  expertlhenierN  mind  when  he 
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signed  up  for  a long  difficult  period  of  preparing  for  a space  mission.40  It 
soon  became  apparent  that  the  time  and  effort  required  to  conduct  an  ex- 
periment on  a satellite  or  a space  probe  was  far  greater  than  that  required 
to  perform  experiments  in  the  laboratory.  For  the  laboratory,  one  normally 
thought  in  terms  of  months,  whereas  space  experiments  could  require  years 
of  hard  work.  Scientists  began  to  point  out  that  taking  pan  in  one  or  a few 
space  sc  ience  experiments  could  consume  an  apprec  iable  fraction  of  a per- 
s« -us  productive  career,  and  in  a “publish  or  perish’’  world  the  failure  to 
*et  results  because  a rocket  or  a spacecraft  didn’t  function  properly  could 
seriously  affect  that  career.  NASA  was  eaiiy  moved  by  such  considerations 
to  adopt  a policy  of  rescheduling  experiments  which,  through  no  fault  of 
the  experimenter,  did  not  succeed.41 

Atlas-Able  made  plain  that  success  on  space  missions  would  be  neither 
automatic  nor  cheap.  There  was  a price  to  pay.  and  pan  et  that  price  was 
failure  of  some  missions.  This  price  NASA  management  would  never  find 
comfortable.  The  trouble  w ith  a philosophy  of  incepting  a certain  number 
of  failures  as  normal  and  inevitable,  was  that  even  “learning  failuies”  in 
an  open  program  like  NASA's,  conducted  under  the  watchful  eye  of  a 
whole  world,  looked  10  the  public  and  (kmgress  like  absolute  failures.  The 
press  treated  them  as  failures.  It  didn't  matter  that  previous  development 
projects  like  the  V- 2.  Atlas.  Thor.  Polaris,  and  almost  any  other  major 
rocket  development  one  could  name,  had  had  their  share  of  unsuccessful 
early  firings,  and  that  this  had  been  accepted  as  a necessary  growing  pain. 
Those  difficulties  had  been  hardly  visible  under  the  cloak  of  militarv  se- 
crecy. But  space  program  difficulties  were  highly  visible  and  distressing. 

The  first  notable  application  of  a double  standard  came  even  before 
NASA  was  formed,  with  the  spectacular  Vanguard  explosion  in  Decembei 
I957.4'  Beloit*  the  Vanguard  development  ever  got  under  wav.  it  had  lxm 
agreed  at  the  National  Academy  of  Sciences  that  if  only  one  International 
Geophysical  Year  satellite  out  of  six  math*  it  to  orbit,  that  would  be  taken 
as  a successful  outcome  <*f  the  project,  so  difficult  w;.s  it  considered.  In  fact, 
when  the  number  of  launc  hes  for  the  program  was  cut  hack  from  12  to  6. 
the  scientists  argued  strongly  that  they  couldn't  reasonably  expect  more 
than  two  successful  flights.45  Actually  three'  were  successfully  launched 
before  the  end  of  the  program.  Moreover,  out  of  the  Vanguard  develop- 
ment came  the  liquid-  and  solid-fueled  upper  stages  that  made  the  Delta 
launch  vehicle  the  tremendous  success  that  it  became.  In  addition,  the 
Vanguard  program  contiihuted  the  Minitrack  and  Raker- Nunn  tracking 
nets  to  help  get  the  new  space  piogtam  off  to  a gcxxi  start. 

B\  any  reasonably  objective  measures — certainly  b\  previously  accepted 
standards — Vanguard  was  a successful  dexelopinent.  Yet  the  ear!\  launch 
failuies  made  the  entire  piogtam  a svmbol  for  failure  in  the  public  mind. 

The  lesson  of  Vanguard  was  p’ain.  NASA  could  not  afford  to  regard 
failure  as  acceptable  under  a:i\  guise*  Success  had  to  lx*  sought  on  the  fitst 
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try*,  and  every  reasonable  effort  bent  toward  achieving  that  outcome.  This 
philosophy  was  epitomized  in  the  "all-up”  approach  adopted  by  George 
Mueller,  who  had  taken  over  direction  of  NASA’s  manned  spaceflight  pro- 
grams in  September  1963.44  In  Apollo  the  all-up  philosophy— which  called 
for  assembling  a complete  launcher  and  attempting  to  carry'  out  a complete 
mission  even  on  the  early  test  flights— was  intended  to  produce  economies 
as  well  as  to  preserve  an  image  of  success. 

But  the  all-up  approach  had  already  been  applied  to  other  NASA  proj- 
ects, particularly  in  the  space  science  and  applications  areas.  Explorer 
satellites  were  simply  expected  to  succeed,  and  did.  The  Orbiting  Solar 
Observatory  was  fully  instrumented  for  space  science  on  its  first  launch  in 
March  1962.  The  flight  to  Venus  in  August  1962  was  Mariner’s  maiden 
voyage.  Later,  Associate  Administrator  Seamans  did  not  permit  the  Office 
of  Space  Science  and  Applications  to  try  for  only  a part  of  the  project's 
objectives  on  early  launches  of  Surveyor  to  the  moon.  He  insisted  on  a 
full-scale  mission  on  the  first  lunar  flight  attempt.  It  became  customary  to 
plan  for  only  one  or  two  spacecraft  for  a project,  expecting  those  to  meet 
the  desireo  objectives.  While  this  policy  kept  the  question  of  backups  al- 
ways in  view,  and  was  a source  of  some  uneasiness,  the  detailed  attention 
required  to  make  the  policy  of  suecess-on-the-first-try  work  was  important 
in  building  confidence  in  NASA's  ability  to  do  its  job. 

And  *hat  was  the  third  issue  highlighted  by  the  ill-fated  Atlas-Able 
project.  While  getting  on  w ith  the  business  of  systematically  building  up 
the  national  launch  capability,  NASA  had  more  or  less  turned  over  the 
handling  of  Atlas-Able  flights  to  the  industrial  contractor.  It  was  not  a 
procedure  that  the  agency  would  follow’  very  often.  Rather,  with  its  open 
program — operating  in  a goldfish  bowl,  as  ii  were — the  agency  would  pre- 
fer to  monitor  its  contractors  very  closely  , often  more  closely  than  the  con- 
tractors thought  necessary.  Indeed,  a great  deal  of  NASA's  management 
lime  would  be  taken  up  in  overseeing  the  work  of  contractors  on  rockets, 
spacecraft.  and  other  equipment  needed  for  the  space  program. 

Finally,  the  Atlas-Able  missions  served  to  emphasize  the  key  role  played 
by  the  rocket  in  space  operations.  Successful  rockets  jpened  up  space  to 
human  exploration.  Without  rockets,  s«>ace  must  remain  ever  remote  and 
inaccessible.  Moreover — and  this  was  the  point  behind  the  Atlas-Able 
attempts — some  rockets  could  do  more  man  others.  Neither  the  Jupiter  C, 
which  had  launched  Explorer  /,  nor  the  Vanguard  launch  vehicle  could 
send  probes  to  the  moot,  or  planets.  With  such  vehicles  one  would  have 
been  restricted  essentially  to  small  artificial  satellites  of  the  earth.  The  limi- 
tations of  these  first  American  launch  vehicles  were  further  emphasized  by 
comparison  of  the  8-kg  Explorer  / and  the  28-kg  Vanguard  ? with  the 
84-  and  508-kg  weights  of  Sputnik  I and  2sb  Indeed,  even  more  disturbing 
than  the  Soviet  Virion's  launching  of  the  first  satellite  was  its  obvious  superior- 
ity in  launch  vehicles  and  implied  superiority  in  long-range  missile  capa- 
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bilities.  The  disparity  was  brought  out  even  further  by  the  launch  of  Sput- 
nik 3.  weighing  1327  kg,  on  15  May  1958.* 

Costs 

Building  the  launch  vehicles  and  spacecraft  described  in  previous  sec- 
tions was  expensive,  but  necessary  if  the  United  States  was  to  achieve  the 
stated  objectives  in  science,  applications,  and  exploration.  Moreover,  costs 
did  not  end  with  development.  Since  most  rockets  and  spacecraft  of  the 
1960s  were  expended  in  the  accomplishment  ol  their  missions,  it  was  neces- 
sary to  buy  a new  launch  vehicle  and  a new  spacecraft  for  each  new  mis- 
sion. 

Individual  costs  for  launch  vehicles  are  given  in  table  6.  These  are 
rough,  order-of-magnitude  figures  Actual  costs  varied,  depending  on  how 
many  special  requirements  .•*0*  placed  on  the  launch  by  the  science  ob- 
jectives. To  start,  launch  veh:  costs  exceeded  those  of  the  payloads  they' 

carried,  but  in  just  a couple  ot  years  Hugh  Dry  den  was  informing  the 
Congress  that  spacecraft  costs  had  come  to  exceed  those  of  the  launch  ve- 
hicles.*7 As  time  went  on.  engineers  and  scientists  became  expert  in  riini- 
aturuing  equipment,  cramming  their  satellites  and  space  probes  with  in- 
struments. This  practice  increased  the  amount  of  research  that  could  be 
accomplished  in  a given  payload  weight  and  space,  but  it  also  made  for 
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expensive  spacecraft.  From  experience  with  Explorers,  a rule  of  thumb 
developed  that  scientific  spacecraft  would  cost  about  $20000  to  $40000  per 
kilogram,  but  in  time  more  complicated  and  sophisticated  vehicles,  such  as 
the  larger  deep-space  probes,  were  far  more  expensive.  Typical  costs  for 
NASA  scientific  spacecraft  are  shown  in  table  7. 

The  tabulation  illustrates  why  many  scientists  were  wary  about  getting 
into  projects  using  the  larger  spacecraft.  The  cost  of  about  three-quarters  of 
a million  dollars  for  four  Vikings  could  pay  for  at  least  twice  as  many 
Pioneers,  or  for  dozens  of  Explorers.  When  the  costs  of  the  Viking  program 
continued  year  after  year  to  delay  undertaking  Pioneer  missions  to  Venus, 
there  were  strong  protests.  For  both  satellites  and  space  probes,  the  larger 
spacecraft  were  recognized  as  essential  to  the  accomplishment  of  many 
important  investigations,  but  generally  were  not  acceptable  at  the  sacrifice 
of  the  smaller  missions,  which  gave  the  scientist  more  flexibility  and  pei- 
sonal  freedom  of  action. 

Manned  spacecraft  were  an  order  of  magnitude  more  expensive  than 
unmanned  satellites  and  probes.  This  was  so  not  only  because  of  the  larger 
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size  and  greater  complexity  of  vehicles  that  were  to  carry  men,  but  also 
because  even  effort  had  to  be  bent  to  guarantee  the  safety  of  the  crew.  Try- 
ing to  guarantee  perfect  performance  was  very  costly,  often  requiring  much 
redundancy.  For  unmanned  spacecraft  ami  launch  vehicles,  it  did  not  make 
economic  sense  to  try'  to  achieve  the  same  degree  of  refinement.  Scout,  for 
example,  was  designed  to  be  an  inexpensive  launch  vehicle  for  science  and 
applications  missions.  Reasonable  care  and  good  engineering  and  opera- 
tional practices  could  achieve  success  rates  of  90  percent  or  better,  and  still 
keep  the  vehicle  in  the  inexpensive  category'.  To  try  to  guarantee  100- 
percent  success,  on  the  other  hand,  would  have  increased  costs  enormously. 
Thus,  if  one  required  10  successful  firings  for  a certain  program,  and  was 
willing  to  shoot  for  getting  those  10  successes  out  of  a total  of  11  or  12 
firings,  the  total  program  costs  would  be  much  lower  than  if  one  insisted 
on  achieving  the  10  successes  with  only  10  firings. 

The  author  vividly  remembers  a discussion  of  this  point  before  the 
Space  Science  and  A?»pIieations  Subcommittee  of  the  House  Committee  on 
Science  and  Astronautics  during  hearings  on  NASA’s  fiscal  1966  budget 
request.  Concerned  that  NASA  might  be  escalating  the  costs  of  Scout  by 
insisting  on  too  high  a degree  of  reliability.  Congressman  Weston  Vivian, 
himself  a former  engineer,  queried  Edgar  Cortright,  deputy  in  the  Office  of 
Space  Science  and  Applications,  on  the  matter.4®  While  acknowledging  the 
desirability  of  striking  a proper  balance  between  costs  and  reliability,  NASA 
people  took  special  delight  in  this  new  twist.  The  normal  experience  was 
to  be  challenged  to  explain  why  the  unmanned  program  wasn’t  striving 
all-out  as  in  the  manned  program,  to  achieve  perfection. 

Neither  NASA  noi  the  Department  of  Defense  had  carte  blanche  to 
spend  unlimited  sums  on  rockets  and  spacecraft.  While  desiring  that  the 
nation's  spate  program  should  be  first  rate  and  that  the  country  should 
regain  the  it  age  of  leadership  in  the  field,  the  administration  and  Congress 
still  were  concerned  that  costs  be  kept  down.  While  it  was  appaient  at  the 
outset  that  in  time  many  agencies  would  come  to  be  interested  in  applying 
space  techniques  to  their  work,  it  soon  became  equally  apparent  that  these 
agencies  could  not  expect  to  operate  their  own  launch  and  spacecraft  facili- 
ties. If  the  Weather  Bureau,  the  Geological  Survey,  the  Federal  Av iation 
Administration,  the  Maritime  Commission,  the  Department  of  Agriculture, 
and  the  Forest  Service  had  attempted  to  run  their  own  space  programs,  the 
aggregated  costs  would  have  been  prohibitive.  As  a consequence  it  was 
expected  that  NASA,  and  occasion  ally  the  Department  of  Defense,  would 
service  other  agencies  wishing  to  use  space  methods  in  their  own  programs. 
As  the  number  of  space  applications  grew  over  the  years,  more  and  more  of 
NASA’s  work  was  expected  to  go  into  providing  support  to  others. 

But  manpower  and  money  were  not  the  only  price  to  pay  for  exploring 
and  utilizing  space.  As  the  example  of  the  ill-fated  Atlas-Able  missions 
showed,  there  were  failures  and  frustrations  to  endure.  Also,  nxkeis  and 
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spacecraft  could  at  times  be  hazardous.  Perhaps  the  best  known  illustra- 
tions were  the  Apollo  fire,  in  which  three  astronauts  were  burned  to  death 
in  a tragic  holocaust  of  flammable  materials  in  the  oxygen  atmosphere 
used  in  the  Apollo  capsule,  and  the  April  1967  flight  of  Soyuz  /.  in  which 
Cosmonaut  Vladimir  Komorav  was  killed.49  Because  of  the  universal  inter- 
est in  the  manned  flight  program,  these  tragedies  received  worldwide  atten- 
tion. Apollo,  for  example,  became  the  subject  of  an  intense,  deeply  probing 
congressional  investigation.50  But  others  also  gave  their  lives  in  the  course 
of  the  program,  though  with  less  notice  from  the  public.  Astronauts  who 
died  in  accidents  in  their  training  airplanes  received  only  momentary 
notice.  On  3 October  1967.  at  Northern  American  Rockwell’s  plant  in 
Downey,  California,  a hazardous  mixture  containing  barium  used  in 
NASA  sounding  rocket  experiments  exploded,  killing  2 workmen  and  in- 
juring 1 1 . The  accident  was  thoroughly  investigated  by  a NASA  board  and 
the  procedures  for  handling  such  chemicals  were  revised.  To  the  public, 
however,  the  matter  appeared  to  pass  as  just  another  industrial  accident.51 

Just  as  tragic  as  the  Apollo  fire  was  the  accident  to  an  Orbiting  Solar 
Observatory  on  14  April  1964.  In  an  assembly  room  at  Cape  Canaveral,  a 
Delta  rocket's  third  stage  motor  had  jus*  been  mated  to  the  spacecraft  in 
preparation  for  some  prelaunch  tests.  Suddenly  the  rocket  ignited,  filling 
*he  workroom  with  searing  hot  gases,  burning  11  engineers  and  technicians, 
3 of  them  fataliy.  An  investigation  following  the  accident  showed  that  a 
spark  of  static  electricity  had  probably  set  off  the  fuze  that  ignited  the  solid 
propellant.52  But,  whereas  the  Apollo  fire  had  evoked  a national  outcry,  the 
OSO  accident  drew  little  attention  except  from  those  closely  associated  with 
the  project. 

One  measure  of  the  difficulty  encountered  in  a development  program 
was  the  increase  in  cost  and  schedules  over  the  original  estimates.  When 
estimates  proved  on  the  mark,  engineering  difficulties  had  been  correctly 
estimated  and  the  project  could  be  carried  out  in  the  specified  time  and  for 
the  stated  price.  But  when  unexpected  technical  problems  required  extra 
time  to  solve,  costs  increased  and  exceeded  the  original  estimates.  These 
overruns,  as  they  were  called,  were  usual  in  the  complex,  novel  develop- 
ments of  the  space  program,  and  special  management  attention  was  needed 
to  keep  them  under  control. 

The  Department  of  Defense  had  experienced  such  problems  in  the 
development  and  acquisition  of  large  weapon  systems.  Studies  showed  that 
in  the  course  of  12  major  development  projects,  costs  increased  by  an  aver- 
age 3.2  times  and  schedules  lengthened  by  36  peicent.55  NASA  fared  little 
better. 

Although  the  space  agen  y.  after  its  initial  troubles,  began  to  develop 
an  enviable  record  of  successes  in  its  numerous  programs,  acquiring  dur- 
ing the  1960s  a reputation  of  being  able  to  do  w hat  it  set  out  to  do,  neverthe- 
less the  record  was  not  as  neat  as  the  agency  would  have  desired.  An  analysis 


Rockets  AND  Spackcrafi 


in  1969  by  D.  D.  Wyatt,  who  from  the  start  had  played  an  important  role 
in  NASA’s  programming  and  budgeting,  showed  that  cost  increases  over 
the  life  of  a project  were  likely  to  rise  substantially  when  the  estimates  were 
made  before  "establishing  a well-defined  spacecraft  design  and  a clear  defi- 
nition of  required  experiment  development.”54  Space  science  programs  had 
their  share  of  horrible  examples.  The  Orbiting  Astronomical  Observatory, 
the  Orbiting  Geophysical  Observatory,  and  Surveyor  all  increased  in  cost 
by  about  four  times,  as  did  the  meteorological  satellite.  Nimbus.  In  con- 
trast, the  communications  satellite  projects  Relay  and  Svncom,  and  the 
Applications  Technology*  Satellite,  for  each  of  which  a good  definition  of 
requirements  was  reached  before  estimating,  showed  only  moderate  cost 
increases,  by  between  1.1  and  1.3  times.  While  the  manned  spaceflight  proj- 
ects showed  somewhat  lower  cost  rises,  Wyatt  noted  that  the  cost  projec- 
tions were  made  a considerable  time  after  the  projects  had  started  and  that 
there  was  evidence  that  estimates  at  the  tiue  start  would  have  been  much 
lower  and  cost  increases  accordingly  much  higher. 

Wyatt’s  basic  thesis  was  correct.  His  analysis,  however,  did  not  go  un- 
challenged. Hans  Mark,  director  of  the  Ames  Research  Center,  wrote  that 
the  analysis  failed  to  take  into  account  that  programs  sometimes  were  ex- 
panded in  scope  in  midstream,  as  had  happened  in  the  Pioneer  program. 
This,  of  course,  also  added  to  the  total  cost,  but  such  increases  were  not 
properly  classed  as  overruns.  To  get  a true  picture,  one  needed  to  lake  into 
account  intentional  changes  in  program.” 

The  Orbiting  Astronomical  Observatory  was  a good  example  of  the 
kinds  of  trouble  one  could  get  into  by  trying  to  force  too  big  a technologi- 
cal step.  Some  of  the  required  subsystems  for  the  satellite  were  not  far 
enough  along  to  ensure  a smooth  development  of  the  spacecraft.  The  star 
trackers,  for  example,  essential  for  establishing  the  stellar  reference  frame 
against  which  the  spacecraft  would  be  stabilized,  ran  into  difficulties  that 
took  a long  time  *o  resolve.  The  cost  of  solving  the  problem  was  only  part 
of  the  total  increase,  for,  while  engineers  wrestled  w ith  the  star  trackers,  a 
far  greater  number  of  workers  on  the  rest  of  the  observatory  project  also 
had  to  be  paid  as  they  waited  for  the  star  trackers.56 

The  observatory  finally  proved  to  be  a powerful  astronomical  facility. 
But  in  retrospect  it  can  be  seen  that  NASA  might  have  done  better  to  fol- 
low the  recommendations  of  its  advisers,  who  would  have  preferred  to  start 
with  a less  ambitious  astronomy  satellite  that  would  have  permitted  astro- 
nomical observations  sooner.  Having  the  less  capable  astronomy  satellite 
sooner,  the  astronomers  would  have  been  content  to  wait  for  the  larger 
one,  as  Edward  Purcell  and  other  members  of  the  White  House’s  Space 
Science  Panel  had  indicated.57 

Both  Ranger  and  Surveyor  suffered  from  launch  vehicle  trouble's.  Five 
Lunch  vehicle  failures  in  a row  impeded  the  development  of  Ranger,  draw- 
ing the  attention  of  NASA  management  and  the  Congress.  When  on  the 
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sixth  flight  the  launch  vehicle  finally  did  workt  sending  the  Ranger  space- 
craft precisely  to  the  intended  spot  on  the  moon,  only  to  have  Ranger’s 
television  system  fail  in  the  last  seconds,  the  reaction  was  swift.  Searching 
investigations  into  the  engineering  and  management  of  the  project  were 
conducted  both  within  NASA  and  by  the  Congress.58  The  performance  of 
the  Jet  Propulsion  Laboratory  and  the  Office  of  Space  Science  and  Appli- 
cations was  under  scrutiny,  as  well  as  that  of  the  television  contractor. 
Radio  Corporation  of  America.  The  steps  proposed  to  solve  the  problems 
were  carefully  examined  by  NASA  management,  and  only  the  resounding 
success  of  Ranger  7 averted  what  might  have  been  drastic  management 
changes. 

Surveyor’s  launch  vehicle  troubles  were  of  a more  subtle  kind.  At  the 
start  the  project  suffered  from  lack  of  adequate  management  attention  at 
both  the  Jet  Propulsion  Laboratory  and  the  contractor,  Hughes  Aircraft 
Company.  But  Surveyor’s  difficulties  were  exacerbated  by  simultaneous 
development  of  launch  vehicle  and  spacecraft.  The  Centaur  was  the  first 
major  rocket  to  use  the  high-energy  propellants  liquid  hydrogen  and  liq- 
uid oxygen.  The  Advanced  Research  Projects  Agency  had  started  Centaur 
in  1958  before  NASA  was  created.  When  NASA  took  over  responsibility, 
the  project  had  been  handled  more  as  a research  project  than  as  a serious 
development  effort,  but  NASA  considered  the  Centaur  stage  an  important 
component  of  the  launch  vehicle  stable. 

Nevertheless,  since  only  estimates  could  be  given  of  the  vehicle’s  per- 
formance, it  was  difficult  for  Surveyor  engineers  to  pin  down  weight  and 
payload  requirements  for  their  spacecraft.  These  difficulties  were  further 
enhanced  by  the  large  number  of  other  spacecraft  being  assigned  to  Cen- 
taur, influencing  specifications  for  the  rocket.  In  April  1962  Surveyor, 
Mariner,  a variety  of  near-earth  and  synchronous-orbit  missions,  and  the 
Department  of  Defense’s  communications  satellite,  Advent,  were  assigned 
to  the  Centaur.59  The  synchronous-orbit  missions — that  is,  launchings  to 
an  altitude  of  36000  km,  w here  the  satellite’s  rate  of  resolution  would  equal 
the  earth’s  rate  of  rotation — would  be  about  is  demanding  as  missions  to 
the  moon. 

When  the  program  difficulties — including  failure  of  the  first  flight  test 
of  Centaur — became  too  intense,  NA!sA  cut  the  Cordial  knot  by  asserting 
that  the  initial  Centaur  would  be  developed  for  Surveyor  only.  Once  Cen- 
taur had  proved  successiul,  a suitable  program  to  uprate  lb**  vehicle  could 
be  instituted  to  meet  additional  requirements.  Along  with  this  decision, 
NASA  also  moved  manaerement  of  Centaur  from  the  Marshall  Space  Flight 
Ct  Her — where  the  demands  of  Saturn  preempted  the  center’s  management 
attention — to  the  Lewis  Research  Center.60 

But  these  changes  did  not  come  before  Congress  again  had  seen  fit  o 
delve  into  how  NASA  was  pt  forming.  Congressman  Joseph  Karth’s  Space 
Science  and  Applications  Subcc  nmittee  of  the  House  Committee  on  Sci- 
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ence  and  Astronautics  explored  all  aspects  of  Centaur:  its  management,  its 
importance  to  the  space  program,  its  funding,  the  contractor,  and  even  the 
engineering  principles  underlying  the  design.61  Such  investigations  into 
NASA  failures  made  it  perfectly  plain  that  the  agency  had  to  bend  every 
effort  to  avoid  mishaps  and  provided  much  of  the  motivation  for  Associate 
Administrator  Seaman's  policy,  mentioned  earlier,  of  seeking  success  on 
the  first  try.  A variety  of  management  tools  was  used  to  make  the  policy 
succeed.  During  the  fall  of  1963  and  throughout  1964.  much  attention  was 
given  to  devising  and  applying  more  effective  management.® 

For  the  development  of  the  Polaris  missile,  the  Navy  had  devised  what 
was  called  the  Program  Evaluation  Review  Technique,  or  PERT,  system.65 
This  laid  out  in  graphical  form  the  schedules  of  the  different  parts  of  a 
project  to  show  how  individual  schedules  were  interrelated,  and  in  particu- 
lar to  highlight  the  components  or  subsystems  that  were  most  likely  to 
delay  the  whole  project.  Once  highlighted,  the  critical  elements  of  the 
project  could  be  given  the  necessary  funding  and  management  and  engi- 
neering attention  needed  to  keep  them  moving  in  pace  with  the  rest  of  the 
project.  NASA  adapted  this  system  to  its  own  projects. 

Like  die  Department  of  Defense,  NASA  also  experimented  with  special 
contracting  devices  to  reduce  cost  overruns  and  delays  in  schedule.64  In  the 
development  of  a new  launch  vehicle,  spacecraft,  or  other  equipment,  it 
was  not  possible  for  either  NASA  or  the  contractor  to  specify  in  detail  the 
product  desired.  Instead,  performance  specifications  were  given,  and  the 
technical  approach  then  agreed  on  between  NASA  and  the  contractor.  In 
this  situation,  the  contractor  was  in  no  position  to  sign  a fixed  price  con- 
tract. Instead,  contracts  were  customarily  “cost  plus  fixed  fee,”  that  is,  the 
government  agreed  to  pay  the  actual  allowable  costs  incurred  in  the  devel- 
opment, plus  a fee  that  was  based  on  the  contractor’s  original  estimate  of 
what  the  costs  would  be.  There  was  a certain  amount  of  incentive  in  such 
an  arrangement  for  a contractor  to  finish  the  work  within  the  specified 
time  and  cost,  for  the  longer  a project  ran  and  the  higher  the  costs  went, 
the  smaller  would  be  the  percentage  represented  by  the  fee.  Also,  the  per- 
formance of  a company  was  bound  to  influence  the  government’s  decision 
on  the  choice  of  contractors  for  other  projects. 

But  experience  showed  that  these  incentives  were  not  particularly  effec- 
tive in  keeping  costs  down  and  schedules  short.  Therefore,  additional  in- 
centives were  introduced  in  the  form  of  bonuses  for  meeting  or  beating 
schedules  within  estimated  costs,  and  penalties  for  exceeding  estimated 
costs  and  schedules.65  The  value  of  such  incentives  was  difficult  to  estimate 
precisely.  Perhaps  the  greatest  benefit  lay  in  the  increased  management 
attention  they  evoked. 

One  of  the  most  effective  ways  to  keep  costs  down  was  to  see  that 
schedules  w’ere  met.  The  longer  a project  ran,  the  longer  salaries  on  the 
project  were  being  paid,  hence  the  greater  were  the  total  costs.  Time  wfas 
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money,  and  if  a project  manager  could  keep  to  his  schedule,  he  probably 
could  keep  close  to  his  original  cost  estimates.  A striking  example  was 
furnished  by  the  1967  Mariner  mission  to  Venus,  preparation  for  which 
began  only  a year  or  so  before  the  launch  date.  Since  the  date  for  launching 
a spacecraft  to  a planet  is  fixed  by  the  celestial  mechanics  of  the  solar 
system,  there  was  no  leeway  in  the  schedule  and  the  date  had  to  be  met. 
One  result  was  that  the  project  was  completed  for  slightly  less  than  the 
original  cost  estimate.66 

Most  projects  had  several  distinct  phases.  First  was  the  period  in  which 
the  project  was  being  conceived.  The  specific  objectives  would  be  worked 
out— for  example,  to  investigate  the  solar  wind  and  magnetic  fields  in 
interplanetary  space.  The  feasibility  of  the  project  would  be  determined. 
Could  appropriate  experiments  be  designed  and  instrumented?  Did  a suit- 
able spacecraft  for  the  experiments  exist  or  CQuld  one  be  made?  Was  there 
a suitable  launch  vehicle  that  could  be  used?  Much  of  the  effort  during  this 
phase  would  be  paper  work,  supported  by  limited  amounts  of  laboratory' 
research. 

A second  phase  would  be  that  in  which  engineering  studies  analyzed 
various  approaches,  seeking,  if  possible,  a best  one.  During  this  phase  per- 
formance specifications  were  worked  out,  to  provide  the  basis  for  detailed 
engineering  design  carried  out  in  the  third  phase.  Once  the  engineering 
design  had  been  completed,  it  w’as  possible  to  move  into  the  fourth,  final 
phase,  that  of  actual  development,  in  which  hardware  was  made  and  tested. 
Major  costs  in  the  project  w'ould  come  during  the  fourth  phase,  and  if 
delays  occurred  because  engineering  difficulties  had  not  been  properly  an- 
ticipated during  the  earlier  phases,  large  overruns  could  accumulate. 

To  try  to  avoid  such  overruns,  NASA  instituted  what  it  called  a “phased 
project  planning  system,”  recognizing  lour  phases  A,  B,  C,  and  D,  corre- 
sponding to  those  described  above.67  The  plan  required  completing  the 
early  phases  before  proceeding  to  later  ones.  The  costs  of  phases  A and  B 
would  be  a minor  part  of  the  project  expense,  and  one  could  afford  to  spend 
time  at  these  stages  getting  matters  right.  Similarly,  in  the  detail  design 
phase,  C,  although  costs  would  be  appreciably  higher  than  in  phases  A 
and  B,  they  would  still  be  far  less  than  those  of  the  construction  phase,  D. 
Again,  it  would  pay  to  spend  whatever  time  was  needed  in  phase  C to 
avoid  problems  later  in  phase  D. 

The  phased  project  planning  document  was  used  in  NASA  less  as  a 
bible  than  as  a set  of  useful  guidelines.  Wyatt’s  study  seemed  to  show  thai 
when  the  principles  embodied  in  the  phasing  scheme  were  followed,  costs 
and  schedules  were  indeed  kept  in  line. 

By  such  devices  NASA  sought  to  sustain  a high  level  of  performance. 
For  its  own  use,  the  Office  ol  Space  Science  and  Applications  held  monthly 
status  reviews,  just  before  those  of  the  associate  administrator.  At  these 
reviews  progress  and  problems  were  discussed  for  all  parts  of  the  program. 
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Beginning  in  November  1966  these  reviews,  which  had  already  been  going 
on  for  several  years,  were  documented  in  OSSA  Management  Reports.6* 

To  keep  a tight  rein  on  the  agency’s  activities,  the  administrator  re- 
quired that  the  program  offices  obtain  formal  approval  of  all  programs  or 
projects.  This  process  evolved  over  the  years  until  in  the  latter  1960s  a 
signed  Project  Approval  Document— or  PAD,  as  it  came  to  be  called— was 
required  for  each  major  element  of  the  program.69  The  PAD  set  forth  the 
purpose  of  the  project  or  program,  outlined  approaches  to  be  taken,  and 
gave  estimates  of  schedules,  manpower,  and  costs.  The  document  described 
how  the  phases  A,  B,  C,  and  D would  be  accomplished.  Where  outside 
contractors  were  to  be  used,  a procurement  plan  acceptable  to  NASA’s  legal 
and  procurement  offices  had  to  be  provided.  Before  a program  office  could 
obtain  approval  to  move  to  the  later  phases  of  an  approved  project,  the 
office  in  charge  would  have  to  furnish  a detailed  project  development  plan 
showing  that  the  groundwork  had  been  properly  laid  and  that  the  path  to 
completion  of  the  project  had  been  thought  through.  Administrator  Webb 
liked  to  refer  to  the  Project  Approval  Documents  as  contracts  between  him 
and  his  program  managers.  They  furnished  written  evidence,  for  those  who 
might  wish  to  probe  the  agency’s  performance,  of  the  care  that  NASA  took 
to  ensure  effective  performance  on  its  projects. 

The  wide  scope  of  the  space  science  program  required  a large  number 
of  space  science  PADs.  Although  these  were  primarily  the  concern  of  the 
program  and  project  managers,  they  did  affect  the  scientists  themselves,  in 
that  experimenters  were  required  to  meet  schedules,  adhere  to  cost  estimates, 
and  furnish  an  appreciable  portion  of  the  documentation  needed  by  man- 
agers to  keep  track  of  progress  on  their  projects.  Much  of  this  was  onerous 
to  the  scientists,  who  preferred  to  spend  their  time  on  their  experiments. 
For  manned  spaceflight  projects  especially,  where  managers  felt  keenly  the 
burden  of  ensuring  absolute  success,  not  only  to  justify  the  many  dollars 
spent  on  the  program  but  more  importantly  to  protect  the  safety  of  astro- 
nauts. the  schedules  were  quite  tigid.  and  documentation  considerably 
more  detailed  than  for  unmanned  projects.  Many  scientists  shied  away  from 
working  in  the  manned  program,  preferring  to  fly  their  experiments  in 
unmanned  spacecraft  for  which  the  management  requirements  were  less 
burdensome. 

It  is  not  likely  that  advanced  research  and  development  programs  like 
those  of  NASA  and  the  Department  of  Defense  will  ever  be  entirely  free  of 
mishaps  and  failures,  cost  overruns  and  schedule  slips.  Working  at  the 
frontiers  of  science  and  technology,  the  likelihood  of  encountering  unfore- 
seen technical  difficulties  must  ever  be  present.  The  prescription  for  per- 
forming satisfactorily  under  such  conditions  is  constant  management  at- 
tention and  the  most  effective  techniques  for  reducing  the  unforeseen  to 
only  the  unforeseeable.  In  the  space  program,  such  management  attention 
could  produce  acceptable  performance.  For  launch  vehicles.  NASA’s  per- 
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formance  improved  over  the  years  from  a very  poor  showing  in  the  first 
two  years,  to  better  than  90  percent  successes  in  the  1970s  (fig.  SO).70  With 
spacecraft  the  success-on*the-first-try  policy  appeared  to  bear  fruit.  During 
the  1960s  every  Explorer  satellite  that  was  properly  placed  in  space  by  its 
launch  vehicle  achieved  its  mission.  The  Orbiting  Solar  Observatory,  Sur- 
veyor Lunar  Orbiter,  Mariner,  and  Viking  worked  the  first  time  out,  as  did 
the  Canadian  Alouette,  the  British  Ariel,  and  the  Italian  San  Marco.  The 
first  Orbiting  Astronomical  Observatory  failed,  but  the  second  was  highly 
productive.  Like  the  astronomy  observatory,  Biosatellite  was  successful  on 
its  second  flight.  In  spite  of  its  hectic  development  history,  the  second  time 
Ranger  reached  the  moon  it  performed  perfectly. 

To  complete  the  picture,  applications  satellites  that  succeeded  right 
away  included  the  Tiros  and  Nimbus  weather  satellites,  the  Echo,  Syncom, 
and  Intelsat  communications  satellites,  NASA’s  Applications  Technology 
Satellite,  and  the  geodetic  satellite  Geos.  All  the  manned  spaceflight 
spacecraft — Mercury,  Gemini,  Apollo,  and  the  Lunar  Module — worked  on 
their  initial  manned  flights.71  After  more  than  a decade  of  experience,  both 
NASA  and  the  Department  of  Defense  came  to  expect  spacecraft  to  func- 
tion correctly  once  they  were  launched  properly,  and  with  the  increasing 
reliability  of  launch  vehicles,  the  probability  of  success  on  a mission  was 
very  high. 

With  reliable  launchers  and  spacecraft  available  to  carry  out  their  ex- 
periments, scientists  could  conduct  a variety  of  experiments  from  near  the 
earth  to  the  remote  regions  of  the  solar  system,  and  tne  value  of  what  they 
did  depended  very  much  on  their  own  scientific  competence.  Recognizing 
this,  NASA  had  consciously  set  out  to  interest  the  best  of  the  nation’s  sci- 
entists in  the  space  science  program.  Policies  for  supporting  research, 
procedures  for  selecting  experiments  and  experimenters,  and  arrangements 
for  securing  to  NASA  the  best  possible  advice  were  designed  to  attract  the 
best  researchers  into  the  program  Most  important  was  the  policy  of  letting 
the  space  science  program  become  very  much  the  creation  of  the  scientists, 
with  projects  to  attack  the  problems  the  scientists  themselves  perceived  as 
the  most  fundamental  and  most  likely  to  provide  important  new  knowl- 
edge. The  way  in  which  this  policy  was  put  into  practice  is  the  subject  of 
chapter  12.  Before  proceeding  with  the  narrative,  however,  it  is  appropriate 
to  review  some  of  the  significant  space  science  results  obtained  in  NASA’s 
first  three  or  four  years. 
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NASA  Record  of  Spaceflight  Performance 
(as  of  31  December  1975) 


NASA  payloads  Total 


Attempts 

4 

14 

17 

24 

27 

13 

30* 

28* 

29b 

22 

18* 

16 

9 

11 

10 

10 

5 

13 

300 

Successes 

0 

8 

9 

15 

20 

11 

25 

23 

22 

20 

13 

6 

9 

10 

9 

4 

12 

231 

Percentage 

successful 

0 

57 

53 

63 

74  j 

85 

83 

82 

76 

91 

81 

66 

82 

100 

90 

80 

92 

77 

NASA  vehicles  (some 
carrying  non -NASA 
payloads) 

Attempts0 

4 

14 

17 

24 

27 

15 

30 

30 

36 

27 

23 

22 

14 

18 

18 

14 

17 

21 

316 

Successes 

0 

8 

10 

16 

23 

14 

27 

26 

34 

25 

19 

20 

13 

16 

18 

13 

15 

19 

371 

Percentage 

, 

57 

59 

67 

85 

93 

90 

87 

94 

93 

83 

91 

93 

89 

100 

93 

m 

91 

85 

•Two  missions  launched  on  a single  vehicle.  cTheie  figures  include  NASA  vehicles  used  for 
**Five  missions  on  two  vehicles  are  included.  non-NASA  or  cooperative  missions. 

Figure  30.  NAS  success  rate.  After  r poor  beginning,  NASA’s  success  rate  rose  steadily,  ev  entually  better- 
ing 90  percent.  NASA,  ■ Historical  Pocket  Statistics”  (Jan.  1972  and  Jan.  1976);  Astronautics  and  Aeronau- 
tics, 1972,  NASA  SP-4017  (1974),  app.  B. 


N8 1 “2 0973 


11 


Deepening  Perspective: 

A New  Look  at  the  Okl  World 


Among  the  most  important  contributions  rockets,  satellites,  and  space 
probes  made  to  science  was  the  new  perspective  they  afforded  in  many 
areas,  particularly  in  the  earth  and  planetary  sciences.  Earth  scientists,  of 
course,  had  always  enjoyed  an  advantage  in  being  close  to  the  object  of 
study,  living  on  the  earth  and  immersed  in  its  atmosphere,  where  the  inves- 
tigator could  collect  great  quantities  of  data  in  situ.  This  was  the  very 
advantage  that  scientists  seized  upon  when  sounding  rockets  made  it  pos- 
sible at  long  last  to  get  on-the-spot  measurements  in  the  upper  atmos- 
phere. But  a certain  myopia  was  also  associated  with  being  loo  close  to  the 
object  of  study. 

One  of  the  tasks  facing  the  researcher  on  the  ground  was  developing 
an  integrated  picture  of  what  was  often  a very  large-scale,  as  well  as  com- 
plex, system.  The  meteorologist,  for  example,  in  spite  of  the  enormous 
quantities  of  data  he  gathered  on  the  weather,  still  found  them  too  sparse. 
Even  on  land  they  came  from  rather  widely  separated  stations,  and  there 
were  none  at  all  from  vast  stretches  of  the  oceans.  As  a consequence  the 
investigator  was  hard  pressed  to  describe  with  any  confidence  the  huge  cy- 
clonic systems  and  their  interrelationships  that  characterized  the  general  cir- 
culations of  the  earth’s  lower  atmosphere,  let  alone  tell  what  the  weather 
was  like  in  remote  unobserved  regions.  But  when  the  first  weather  satellite 
pictures  became  available,  showing  cloud  patterns  over  both  continents 
and  oceans,  the  meteorologist  had  at  hand  one  of  the  integrating  factors 
that  he  needed.  For,  clouds,  being  intimately  associated  with  pressure  pat- 
terns and  air  circulations,  showed  by  their  distributions  the  major  weather 
systems.  Most  of  what  was  seen  in  the  early  cloud  pictures  was  expected, 
but  there  were  also  surprises.  The  author  can  recall  hearing  Dr.  Harry 
Wexler,  director  of  research  for  the  l\S.  Weather  Bureau  and  strong  pro- 
ponent of  weather  satellites  years  before  any  satellite  had  flown,  exclaim  that 
he  had  never  expected  the  large-scale  patterns  of  atmospheric  vortices  that 
stood  out  in  many  satellite  photographs.  When  in  the  course  of  time  satel- 


172 


c-  3 


Deepening  Perspective 


tile  cloud  imaging  was  improved  in  resolution  and  supplemented  by  tech- 
niques for  measuring  cloud  heights,  the  vertical  distribution  of  atmos- 
pheric temperatures,  and  local  winds,  meteorology  became  not  merely 
local,  not  merely  regional,  but  the  global  science  it  had  always  aspired— 
and  needed — to  be.1 

Meteorologists  were  among  the  most  ready  to  take  advantage  of  the 
new*  approach  and  in  short  order  used  the  satellite  pictures  in  making 
weather  forecasts.  But  such  pictures  also  showed  complete  ice  fields,  total 
watersheds,  entire  geological  provinces  such  as  volcanic  fields  or  geosyn- 
cline basins,  vary  ing  patterns  of  land  use.  and  vast  expanses  of  ocean.  To 
many  it  was  clear  from  the  start  that  the  perspective  afforded  by  satellite 
observations  would  in  time  prove  of  immense  value  in  these  and  other 
areas.  Such  has  proved  true.2 

After  more  than  a decade  of  rocket  sounding  of  the  upper  atmosphere, 
space  science  was  quite  ready  to  benefit  from  the  new*  perspective.  In  the 
first  half  doien  years  following  the  formation  of  NASA,  especially  rapid 
progress  was  made  in  the  continued  study  of  the  upper  atmosphere  and 
ionosphere,  solar  physics,  rocket  astronomy,  geodesy,  and  the  magneto- 
sphere. Accomplishments  in  the  last  two  areas  provide  good  illustrations  of 
the  powrr  of  space  techniques  for  scientific  research  and  are  the  subject  of 
this  chapter.  The  contributions  to  geodesy  were  anticipated,  causing  a 
number  of  researchers  to  give  serious  attention  to  the  possibilities  during 
the  1950s.  years  before  Sputnik  went  aloft.5  In  contrast,  the  magnetosphere 
emerged  as  something  of  a surprise  from  tlte  early  rocket  and  satellite  work 
on  particles  and  fields. 


The  Magnetosphere 

For  want  of  a more  appealing  name  the  phrase  particles  and  fields 
came  into  early  use  in  the  space  program  to  denote  the  study  of  magnetic 
and  electric  fields  in  space  and  a variety  of  particle  radiations.  Among  the 
last  named  were  the  extremely  energetic  cosmic  rays,  plasma  radiations 
from  the  sun,  and  the  electrons,  protons,  or  whatever  they  were  that  were 
thought  to  cause  the  auroras.  (Gravitational  fields  were  not  included,  fall- 
ing rather  under  geodesy,  relativity,  and  cosmology,  with  which  gravity 
studies  were  naturally  associated.)  The  term  magnetosphere  denotes  the 
region  of  space  surrounding  the  earth  where  the  earth’s  magnetic  field 
plays  a prominent,  often  controlling,  role  relative  to  various  particle  radia- 
tions found  there.  As  will  be  seen,  magnetospheric  physics  constituted  an 
important  aspect  of  the  discipline  of  particles  and  fields. 

The  discovery  of  the  magnetosphere  began  with  Van  Allen’s  discovery 
of  the  earth  s radiation  belt.  At  White  Sands.  New*  Mexico,  Van  Allen  had 
traced  the  curve  of  cosmic  ray  intensity  through  the  Pfotzer  maximum  to  a 
more  or  less  steady  value  at  heights  greater  than  55  km  that  looked  very 
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much  as  though  it  might  be  the  free  space  value  of  the  cosmic  ray  inten- 
sity.4 Cosmic  rays,  being  charged  particles,  were  affected  by  the  earths 
magnetic  field,  and  fewer  of  them  were  able  to  get  in  over  the  geomagnetic 
equator  than  in  the  polar  regions.  The  less  en«  rgetic  rays  were  the  most 
affected  by  the  magnetic  field,  making  it  diffic  ult  to  determine  what  the 
lower  end  of  the  cosmic  ray  spectrum  might  be  in  interplanetary  or  inter- 
stellar space.  Since  the  total  energy*  spectrum  of  the  cosmic  radiation  in 
space  would  be  an  important  factor  in  trying  to  figure  out  how  and  where 
cosmic  rays  were  generated.  Van  Allen  took  a special  interest  in  investigat- 
ing the  variation  of  the  high-altitude  cosmic  ray  intensity  with  geomag- 
netic latitude.  For  this  purpose  he  took  Aerobee  rockets  to  sea  aboard  the 
ILS.  Navy’s  seaplane  tender  Norton  Sound , which  had  to  be  specially  out- 
fitted with  an  Aerobee  launching  tow'er.  Van  Allen’s  sounding  ranged  from 
the  geomagnetic  equator  off  the  coast  of  Peru  to  Alaskan  waters.5  The 
measured  variations  were  sufficiently  intriguing  that  Van  Allen  pursued 
the  subject  further  with  Rockoons — the  small  sounding  rockets  that  he 
launched  from  Skyhook  balloons  in  the  stratosphere.  These  Rockoon  ex- 
periments turned  up  a most  interesting  and  puzzling  phenomenon.  In  the 
auroral  regions  above  60  km  was  a rather  soft — i.e..  moderately  pene- 
trating—radiation  that  could  be  a mixture  of  charged  particles  and  x-ray 
photons.6  This  radiation  was  assumed  to  be  in  some  way  connected  with 
the  auroras,  and  efforts  wete  begun  to  explore  the  connection. 

At  about  this  time  the  appearance  of  the  International  Geophysical 
Year  satellite  program  gave  Van  Allen  the  chance  to  extend  these  investiga- 
tions to  even  higher  altitudes.  When  the  first  Explorer  was  launched  (31 
January  1958).  Van  Allen's  counters  appeared  to  show  a zero  counting  rate 
at  certain  locations,  which  didn’t  seem  to  make  sense.  Further  study 
showed,  however,  that  actually  the  counters  were  saturating  because  of 
ambient  radiations  far  exceeding  intensities  with  which  the  counters  had 
been  expected  to  cope.  Explorer  ? (26  March  1958)  pursued  the  question. 

Soon  Van  Allen  decided  that  he  was  observing  a region  of  intense  radi- 
ation surrounding  the  earth  at  high  altitude,  and  on  1 May  1958  he 
announced  his  discovery.7  The  region  at  oner  became  known  as  the  Van 
Allen  Radiation  Belt.  Soviet  measurements  in  Sputnik  ? (15  May  1958) 
confirmed  the  discovers . 

An  explanation  was  quickly  forthcoming.  The  radiations  were  attri- 
buted to  charged  particles  caught  in  the  earth’s  magnetic  field,  unable  to 
escape  because  their  energies  were  too  low  to  allow  them  to  cross  the  sur- 
rounding field  lines.  One  thus  visualized  trapping  regions  within  the 
earth’s  field  and  spoke  of  trapped  radiations.  Suddenly  it  was  crystal  dear 
that  the  earth’s  magnetic  field,  which  could  prevent  some  charged  particles 
in  interplanetary  sjrace  from  ever  reaching  the  earth,  could  also  prevent 
other  particles  already  near  the  earth  from  leaving. 
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In  retrospect  it  seemed  remarkable  that  the  existence  of  the  radiation 
belt  had  not  been  anticipated  long  before  its  discovery.  Workers  concerned 
with  the  problem  of  how  gases  escaped  from  the  atmosphere  understood 
that  the  magnetic  field  would  hinder  the  escape  of  ions.*  More  signifi- 
cantly. the  experiments  of  K.  Birkeland  and  E.  Briiche  with  cathode  rays 
aimed  at  small  magnetized  spheres  ami  the  half  century  of  theoretical  work 
by  Carl  St#rmer  and  others  on  the  influence  of  the  earth's  magnetic  field 
on  auroral  particles  and  cosmic  rays  provided  a substantial  basis  for  pre- 
dicting the  existence  of  trapped  radiations  near  the  earth.9  Seeking  an 
explanation  for  the  auroras.  Si0rmer  had  developed  a theory  of  the  motion 
of  an  electron  approaching  the  earth's  dipole  magnetic  field  from  the  sun. 
He  showed  that  such  an  electron  would  be  deflected  by  the  earth's  field 
away  from  the  equator  to  the  polar  regions,  an  action  that  appeared  to  him 
to  explain  the  existence  of  auroral  regions  or  zones  at  high  latitude. 

St#rmer’$  calculations  showed  that  there  were  regions  inside  the  earth's 
magnetic  field  w’hich  such  solar  electrons  could  not  reach,  to  wfhich  he 
gave  the  name  "forbidden  regions.'1  Birkeland.  with  w'hom  the  theory  had 
originated,  had  already  demonstrated  in  the  laboratory  that  electrons 
would  be  deflec  ted  to  the  polar  regions,  a fact  Stunner's  calculations  nicely 
brought  out. 

Loiter,  in  the  1930s  and  after,  theorists  interested  in  explaining  the 
geomagnetic-latitude  effect  observed  in  cosmic  ray  intensities,  extended 
Stunner’s  work  to  much  higher  energy  relativistic  particles — i.e.,  particles 
approaching  the  speed  of  light — such  as  were  to  be  found  in  the  cosmic 
rays.10  Their  calculations  also  revealed  forbidden  regions  toward  the  geo- 
magnetic equator  and  served  to  explain  why  cosmic  rays  increased  in  inten- 
sity with  increasing  geomagnetic  latitude. 

These1  investigations  furnish  an  excellent  example  of  how  initial  orien- 
tation can  markedly  bias  an  investigator's  conclusions.  To  those  seeking 
explanations  of  the  auroras  or  the  cosmic -ray-latitude  effect,  the  orienta- 
tion was  from  outside  in.  Their  particles  were  approaching  the  earth  from 
great  distances.  It  was  natural,  then,  that  the  regions  which  the  earth's 
magnetic  field  prevented  those  particles  from  entering  should  be  named 
forbidden  regions.  While  the  point  was  not  missed,  still  the  investigators 
did  not  focus  on  the  fact  that  for  a particle  already  within  one  of  those 
regions,  it  could  be  the  outside  that  was  forbidden — in  other  words,  a par- 
ticle of  too  low*  an  energy  already  within  one  of  those  regions  couldn't  get 
out.  What  were  forbidden  regions  for  particles  approaching  from  the  out- 
side were  trapping  regions  for  some  particles  already  there. 

It  was  only  a liny  step  from  this  realization  to  the  idea  that  these 
trapping  regions  might  well  be  filled  with  trapped  radiations  forming  a 
radiation  belt  around  the  earth.  But  no  one  paid  any  attention  to  this  pos- 
sibility until,  on  the  eve  of  Van  Allen's  discovery  , S.  Fred  Singer  in  discuss- 
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ing  magnetic  storms  touched  upon  the  possibility  that  regions  of  trapped 
radiations  might  be  found  at  high  altitudes  around  the  earth.11  Following 
Van  Allen's  announcement,  this  field  of  investigation  blossomed  forth  as 
researchers  vied  with  each  other  to  learn  about  the  fascinating  trapped 
radiations.** 

In  the  next  halt-dozen  years  a new  paradigm  emerged  to  characterize 
the  magnetosphere  and  magnetospheric  physics.  Whereas  before  the  spring 
of  1958  the  space  environment  immediately  surrounding  the  earth  was 
thought  to  be  relatively  uncomplicated,  it  soon  became  clear  that  the 
recently  discovered  magnetosphere  was  extremely  complex.  Before  the 
recognition  of  the  radiation  belts,  there  was  no  generally  accepted  picture 
of  the  space  environment  near  the  earth.  Students  of  the  earth's  upper 
atmosphere  and  ionosphere  tended  to  think  of  these  as  attenuating  more  or 
less  exponentially  with  altitude,  eventually  merging  at  some  considerable, 
but  unknown,  height  with  the  medium  of  interplanetary  space.  Around 
the  planet  the  earth's  magnetic  field  was  visualized  as  essentially  that  of  a 
dipole,  much  as  depicted  in  figure  5 in  chapter  b.  It  was  known  that  parti- 
cles from  the  sun  swept  across  the  earth's  atmosphere,  some  of  them  caus- 
ing the  auroras.  Sidney  Chapman.  V.  C.  A.  Ferraro,  and  others  supposed 
that  some  of  the  solar  particles  impinging  upon  the  earth's  magnetic  field 
would  compress  it,  thereby  causing  the  sudden  increase  in  the  surface  field 
that  had  long  been  observed  to  follow  flares  on  the  sun.  Such  a theory 
implied,  of  course,  that  the  earth's  magnetic  field  would  be  distorted  some- 
what by  the  solar  particles.  Moreover,  to  explain  the  main  phase  of  mag- 
netic storms  in  which  the  field  dropped  well  below  normal  for  a day  or 
more.  Chapman  and  Ferraro  thought  of  the  cloud  of  solar  particles  as 
somehow*  setting  up  a ring  current  around  the  earth;  the  current  generated 
a magnetic  field  that  caused  the  considerable  drop  in  field  intensity  an 
hour  or  so  after  the  sudden  increase  of  the  initial  phase  of  the  storm.  The 
cloud  of  solar  particles  was  presumable  a plasma;  that  is,  a gas  com  posed 
of  equal  numbers  of  positively  and  negatively  charged  particles.  Thus,  the 
plasma,  though  neutral  in  the  large,  would  be  highly  conducting.  Also, 
since  the  positive  particles  would  be  deflected  in  one  direction  by  the 
earth  s magnetic  field,  the  negative  parades  in  the  opposite,  one  could 
sense  intuitively  how  a current  might  be  set  up  around  the  earth — 
although  there  were  formidable  difficulties  to  overcome  in  developing  such 
a theory.  The  period  of  one  to  several  days  required  for  the  field  to  return 
to  normal  would  then  be  the  time  required  for  the  ring  current  to  dissipate. 

Chapman  and  Ferraro  visualized  the  ring  current  as  flowing  on  the 
surface  of  a huge  cavity  which  the  earth's  magnetic  field  carved  out  of  the 
plasma  cloud  as  it  swept  bv  the  earth.  There  were,  of  course,  two  sides  to 
this  coin.  From  one  point  of  view  the  earth's  magnetic  field  generated  a 
cavity  in  the  flow  ing  plasma.  From  the  other  point  of  view*,  however,  one 
could  think  of  the  plasma  cloud  as  confining  the  earth's  field  to  the  cavity 
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region.  The  discovery  of  i te  radiation  belt  focused  attention  on  the  second 
point  of  view,  and  the  teg.  on  within  the  Chapman-Ferraro  cavity  became 
known  as  the  magnetosphere  (fig.  SI). 

Because  of  the  intense  interest  in  the  new  topic,  many  of  NASA's  early 
spacecraft— and  those  of  the  USSR,  also — were  instrumented  to  make  mea- 
surements of  the  particles  and  fields  in  the  vicinity  of  the  earth  and  in 
interplanetary  space.  By  the  end  of  1964  a highly  detailed  picture  of  the 
magnetosphere  had  been  worked  out.  a picture  that  was  still  evolving.15 

Explorer  1 measurements  put  the  radiation  belt  at  about  1000  km 
above  the  equator,  and  Explorer  3 and  Sputnik  3 confirmed  this  observa- 
tion. From  Explorer  4 and  the  space  probe  Pioneer  3,  Van  Allen  could 
show  that,  at  least  for  particles  that  could  pienetrate  one  gram  per  square 
centimeter  of  material,  there  were  two  radiation  belts,  an  inner  zone  and  an 
outer  zone  as  shown  in  figure  32.  Pioneer  4.  which  eventually  went  into 
orbit  around  the  sun.  gave  additional  information  about  the  extent  of  the 
radiation  belts.  It  appeared  that  the  belts  extended  to  about  10  earth  radii 
from  the  center  of  the  earth,  but  the  exact  location  of  the  outer  edge 
appeared  to  be  variable. 

The  variability  was  quickly  tied  to  conditions  in  interplanetary  space, 
which  in  turn  were  controlled  by  solar  activity.  A major  factor  influencing 
the  earth's  space  environment  was  shown  to  be  the  solar  wind.  In  1958 
Eugene  Parker  had  shown  theoretically  that  the  sun's  corona  had  to  be 
expanding  continuously,  and  that  a continuous  wind  from  the  sun  should 
be  blowing  through  interplanetary  space.14  Highly  conducting  and  virtu- 
ally free  of  collisions  among  the  constituent  particles,  this  solar  wind 
should  entrap  and  draw  out  magnetic  field  lines  of  the  sun.  Such  inter- 
planetary plasma  fluxes  of  about  10*  particles  prer  square  centimeter  per 
second  were  measured  by  Gringauz  on  Lunik  2 and  ?.15  With  a probe  on 
Explorer  10.  H.  Bridge  and  coworkers  at  the  Massachusetts  Institute  of 
Technology  confirmed  the  fluxes  detected  by  the  Luniks  and  found  that 
the  wind  came  from  the  general  direction  of  the  sun  at  about  300  km  prer 
second.16  More  definitive  measurements  from  Mariner  2 and  Explorer  IS 
showed  a very  gusty  wind,  nearly  radial  from  the  sun,  to  be  blowing  at  all 
times  with  velocities  of  roughly  300  to  500  km  pier  second.  Protons  and 
helium  nuclei  appeared  to  be  present  in  the  wind.” 


Figure  ?/.  Chapman-Ferraro  taiitx. 
Ring  currents  set  up  around  the  earth 
were  assumed  to  he  the  cause  of 
magnetic  held  effects  ohsened  during 
magneto  storms. 


Radiation  Belts 


Figure  32.  Radiation  belts.  Van  Allen's  picture  of  the  inner  and  outer 
zones  of  the  radiation  belt  made  after  Pioneer  3 data  returns.  J.  A.  Van 
Allen  and  L.  A.  Frank . from  Nature  I S3  (19>9);  430;  copyright  Macmil- 
lan Journals  Ltd..  /959. 

Meantime  more  information  had  been  collected  on  the  structure  of  the 
radiation  belts.  The  inner  zone  was  shown  to  be  largely  high-energy  pro* 
tons*  many  of  which  could  be  accounted  for  by  the  decay  of  neutrons 
splashed  back  from  the  atmosphere.18  The  neutrons  were  generated  by 
cosmic  rays  colliding  with  nitrogen  or  oxygen  nuclei  of  the  air;  being  neu- 
tral. the  neutrons  could  move  upward  unhindered  by  the  magnetic  fieiu. 
But  the  neutrons  decayed  quickly  and  produced  protons  and  electrons 
which,  being  charged,  were  trapped  to  form  a part  of  the  radiation  belt. 
Detailed  measurements  revealed  that  both  protons  and  electrons  existed 
throughout  the  altitude  range  from  the  bottom  of  the  so-called  inner  zone 
to  the  far  edge  of  the  outer  zone.  The  apparent  existence  of  two  belts  had 
been  due  to  the  insensitivity  of  some  early  instruments  to  lower-energy 
particles. 

The  boundary  of  the  magnetosphere  was  first  definitely  located  with 
instruments  on  Explorer  10 . which  was  launched  on  25  March  1961.  The 
spacec  raft  was  projected  at  an  angle  of  roughly  130  degrees  from  the  direc- 
tion to  the  sun.  that  is.  quartering  away  from  the  sun.  Between  the  distances 
of  22  earth  radii  and  the  apogee  of  47  earth  radii,  the  satellite  appeared  to 
cross  the  boundary  at  least  six  times,  suggesting  that  the  boundary  wavered 
in  the  wind.  Inside  the  boundary  the  magnetic  field  was  20  to  30  gammas 
and  steady,  and  there  was  no  delectable  plasma.  Outside  the  boundary, 
however,  the  field  weakened  to  between  10  and  15  gammas,  and  plasma 
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was  always  observed.  Data  from  Explorer  12  in  the  direction  of  the  sun 
showed  a very  sharp  outer  limit  to  the  geomagnetic  field,  a limit  that  came 
to  be  called  the  magnetopause.  Beyond  the  magnetopause  was  a region  in 
which  the  magnetic  fields  were  variable  in  direction  and  intensity,  and  the 
ambient  radiation  isotropic.1* 

Thus,  by  about  the  beginning  of  1962,  scientists  began  to  envision  a 
magnetosphere  much  as  shown  in  figure  33.  A continuous  solar  wind 
blowing  against  the  earth’s  magnetic  field  was  pictured  as  sweeping 
around  the  earth,  confining  the  field  to  an  immense  cavity  which  extended 
to  about  10  earth  radii  in  the  direction  toward  the  sun,  and  to  considerably 
more  than  this  in  the  opposite  direction.  Inside  the  cavity  lay  the  Van 
Allen  Radiation  Belt  which  showed  considerable  structure,  with  high  in- 
tensities of  energetic  protons  in  the  inner  portions  and  large  quantities  of 
electrons  in  the  outer  reaches.  Outside  the  magnetopause — drat  is,  outside 
the  boundary  of  the  cavity — lay  a region  of  turbulent  magnetic  fields  and 
plasma.  It  was  suggested  that  surrounding  the  turbulent  region  would  be 
found  a huge  shock  wave  produced  in  the  solar  wind  by  the  earth’s  mag- 
netic field,  which  would  act  upon  the  high-speed  plasma  much  as  a blunt 
body  would  act  upon  a supersonic  flow  of  gas  in  ordinary  aerodynamics. 
By  analogs  with  aerodynamics,  estimates  were  made  of  where  the  bow- 
shock  might  be  found. 

The  bow-  shock  w-as  first  detected  by  instruments  in  the  Interplanetary 
Monitoring  Platform,  Imp  1,  otherwise  known  as  Explorer  18,  which  w-as 
launched  in  November  1963  into  an  orbit  w-ith  an  apogee  at  30  earth 
radii.20  In  the  course  of  its  lifetime  the  spacecraft’s  instruments  provided 
clearcut  evidence  that  Imp  1 had  crossed  the  magnetopause  and  the  bow- 
shock  many  times.  The  data  from  a magnetometer  installed  by  Norman 
Ness  of  the  Goddard  Space  Flight  Center  were  most  convincing.21  Figure 
34  shows  magnetic  field  data  from  orbit  11  of  Imp  1.  Inside  13.6  earth 
radii,  a well-ordered  field  was  noted,  but  from  13.6  to  20  earth  radii  the 
field  was  quite  turbulent.  Beyond  20  earth  radii  the  field  became  quite 
steady  at  about  4 gammas,  with  some  fluctuation  in  direction.  The  turbu- 
lent region  from  13.6  radii  to  20  earth  radii  was  interpreted  as  a transition 
region  between  the  shock  wave  in  the  solar  wind  and  the  magnetopause 
bounding  the  geomagnetic  field.  Plasma  data  from  MIT  and  Ames 
Research  Center  instruments  were  consistent  with  this  interpretation.22 
Beyond  20  earth  radii  the  MIT  instruments  showed  large  fluxes  in  only 
one  of  six  energy  channels,  presumably  that  due  to  the  solar  wind,  whereas 
in  the  transition  region  the  plasma  probe  indicated  considerable  tur- 
bulence, showing  appreciable  fluxes  on  all  six  channels  of  the  instrument. 

In  December  1963  Imp  1 found  the  interplanetary  magnetic  field, 
w hich  was  usually  quite  steady,  to  be  disturbed,  rising  to  about  10  gammas 
for  a day  or  more.  On  the  first  day  of  this  disturbance,  14  December,  the 
moon  w-as  close  to  lying  between  the  satellite  and  the  sun.  Ness  originally 
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Figure  The  magnetosphere  as  visualized  early  in  1962.  Here  and  tn  figure  55, 
the  lines  emanattng  from  earth  represent  magnetic  field  lines . Although  the  gen- 
eral structure  was  emerging . many  features  were  still  to  be  delineated . 


attributed  this  unusual  disturbance  to  a wake  produced  by  the  moon  in  the 
solar  wind.23  That  the  moon  with  almost  no  magnetic  field  should  pro- 
duce a wake  detectable  so  close  to  the  earth  at  once  suggested  that  the 
much  larger  earth  with  a strong  magnetic  field  would  produce  a similar 
wake  reaching  certainly  to  the  orbit  of  the  moon,  and  most  likely  well 
beyond.  It  began  to  appear  that  the  earth’s  magnetospheric  tail  should 
extend  to  very  large  distances  in  the  antisolar  direction. 

As  investigation  of  the  magnetosphere  proceeded,  it  was  clear  that  this 
region  was  intimately  involved  in  many  familiar  phenomena,  such  as  mag- 
netic storms  and  auroral  displays,  serving  in  some  way  as  a connecting 
link  between  the  original  solar  radiations  and  the  ultimate  terrestrial 
effects.  But  the  precise  mechanisms  involved  eluded  explanation.  It  was 
shown  that  both  electrons  and  protons  produced  the  auroras,  with  elec- 
trons of  energies  below'  25  kiloelectron  volts  contributing  most  to  the 
auroral  emissions.24  Stormer’s  theory  that  these  particles  came  directly 
from  the  sun  into  the  auroral  regions  of  the  earth  had  to  be  abandoned 
when  both  Soviet  and  l!.S.  deep-space  probes  showed  that  the  fluxes  of 
such  particles  in  interplanetary  space  were  insufficient.  An  alternate  theory 
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Figure  34.  Magnetosphere  bow  shock  as  rei*ealed  by  space-probe  measurements. 
Magnetic  field  data  from  orbit  11  of  Imp  1.  The  magnetopause  is  at  13.6  earth 
radti.  The  second  transition  at  20  earth  radii  to  an  ordered  field  outside  is  the 
location  of  the  bow  shock  wave.  C.  S.  Scearce  and  /.  B . Seek,  Journal  of  Geophysi- 
cal Research  69  (1964):  3531-69;  copyright  American  Geophysical  lfnton,  1964. 

that  the  particles  were  accumulated  in  the  trapping  regions  of  the  magne- 
tosphere and  then  dumped  or  dribbled  into  the  auroral  zones  to  produce  the 
auroras  also  ran  into  difficulties.  Although  both  Soviet  and  lT.S.  measure- 
ments showed  that  the  fluxes  at  the  altitudes  from  which  the  panicles 
could  spiral  along  the  field  lines  into  the  auroral  regions  were  adequate  to 
produce  an  aurora,  the  quantity  of  radiation  was  too  low.  The  particles 
would  be  drained  away  in  a few  seconds,  whereas  auroras  often  lasted  for 
hours.25  Brian  O’Brien  observed,  however,  from  instruments  in  Injun  satel- 
lites of  the  State  University  of  Iowa  that  trapped  electrons  in  the  radiation 
belt,  electrons  precipitated  into  the  atmosphere  of  the  auroral  zone,  and 
auroral  light  emissions  all  increased  simultaneously.26  One  vould  conclude 
that  the  disturbances  ultimately  causing  the  auroras  somehow  also  replen- 
ished the  radiation  belt,  perhaps  in  this  way  making  it  possible  to  sustain  a 
long-duration  auroral  display.  Whether  these  additional  electrons  were 
inserted  into  the  radiation  belt  from  outside  or  came  from  lower  energy 
electrons  already  existing  within  the  belt  and  accelerated  by  some  mecha- 
nism to  the  necessary  higher  energies  was  not  known.  Indeed,  while  many 
cleatcut  relationships  between  auroras  and  radiation  belt  activity  had  been 
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established,  at  this  stage  the  actual  mechanism  producing  the  auroras  re- 
mained a mystery. 

Also  unexplained  was  the  immediate  cause  of  the  main  phase  of  mag- 
netic storms.  A ring  current  around  the  earth  continued  to  be  the  most 
likely  candidate,  but  how  such  a current  was  generated  remained  a puzzle. 
It  could  be  shown  that  charged  particles  in  the  magnetosphere,  in  addition 
to  spiraling  around  magnetic  field  lines  bouncing  back  and  forth  between 
northern  and  southern  reflection  points,  would  also  tend  to  drift  longitud- 
inally, the  electrons  drifting  eastward  and  the  protons  westward.27  Thus, 
these  drift  motions  produced  in  effect  a ring  current,  which  S.  Fred  Singer 
suggested  as  the  cause  of  the  main  phase  of  magnetic  storms.2*  By  the  end 
of  1964,  however,  no  spacecraft  measurements  had  been  able  to  locate  the 
postulated  ring  current. 

By  the  mid-1960s  a very  detailed,  though  by  no  means  complete,  pic- 
ture of  what  the  magnetosphere  was  like  had  evolved,  as  illustrated  in  fig- 
ure 35.  In  the  magnetospheric  paradigm  of  1964  the  existence  of  the  solar 


Figure  )5.  The  magnetosphere  as  visualized  in  the  mid-1960s.  Space-probe  meas- 
urements have  provided  a wealth  of  detail.  The  principal  research  problems  are 
shifting  from  describing  the  phenomenon  to  explaining  the  relationships  and 
processes. 
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wind  had  been  established.  The  wind  consisted  of  protons  mosdy,  with 
some  alpha  particles  (helium  nuclei),  both  of  which  had  been  observed.  To 
be  neutral  the  wind  had  to  include  equal  numbers  of  electrons,  but  these 
had  not  been  detected  as  yet.  Embedded  in  the  solar  wind  was  an  inter- 
planetary magnetic  field  pulled  out  of  the  sun  by  the  solar  wind  plasma. 
Near  the  earth  the  interplanetary  field  intensity  was  between  five  and  six 
gammas.  Blowing  against  the  earth’s  magnetic  field,  the  solar  wind  pro- 
duced a huge  shock  wave  sweeping  around  the  earth  much  as  an  aerody- 
namic shock  wave  accompanies  a supersonic  airplane.  But,  whereas  an 
aerodynamic  shock  wave  is  produced  by  compression  of  a gas  consisting  of 
air  molecules  all  colliding  with  each  other,  the  magnetospheric  shock  wave 
was  set  up  by  deflection  of  the  individual  plasma  particles  by  the  earth’s 
magnetic  field  and  was  referred  to  as  a coliisionless  shock  wave. 

Behind  the  shock  was  a region  of  turbulence.  Here  the  magnetic  fields 
became  highly  disordered;  particle  velocities,  which  in  the  solar  wind 
were  usually  confined  to  a rather  narrow'  range,  suddenly  varied  widely. 
Closer  to  earth  this  transition  region  was  bounded  by  the  magnetopause 
enclosing  the  geomagnetic  field  now  grossly  distorted  from  the  simple 
dipole  configuration  that  w'ould  have  existed  in  the  absence  of  a solar 
wind.  Some  of  the  field  lines  that  would  otherwise  have  lain  on  the  sun- 
ward side  of  the  earth  were  swept  backward  in  the  antisolar  direction  and 
along  with  field  lines  on  the  night  side  were  extended  into  a magneto- 
spheric  tail.  The  magnetic  field  lines  that  still  enveloped  closed  regions 
near  the  earth  contained  the  Yfan  Allen  Radiation  Belt,  which  paradoxi- 
cally appeared  to  be  more  limited  in  extent  on  the  night  side  of  the  earth 
than  on  the  daytime  side,  where  the  field  was  compressed  by  the  solar 
w ind.  On  the  dayward  side,  toward  the  poles,  where  some  of  the  field  lines 
were  swept  out  into  the  tail,  appeared  a cusp  or  dimple  in  the  magneto- 
pause. It  was  thought  that  where  magnetic  field  lines  of  opposite  direction 
came  together  near  the  equatorial  plane  of  the  tail,  they  might  cancel  each 
other  producing  a neutral  sheet.  Along  this  neutral  sheet  one  could  envi- 
sion charged  particles  leaking  from  interplanetary  space  into  the  zones 
closer  to  earth,  where  they  could  then  be*  steered  by  the  field  toward  the 
poles. 

i the  steady  state  this  magnetospheric  configuration  drifted  slowly 
around  the  earth,  always  keeping  the  tail  away  from  the  sun  as  the  earth 
revolved  around  the  sun.  The  nose  of  the  shock  wave  was  aoout  14  earth 
radii  from  the  center  of  the  earth,  and  the  nose  of  the  magnetopause  typi- 
cally at  about  10  earth  radii.  The  extent  of  the  magnetospheric  tail  was  a 
matter  of  speculation,  but  it  appeared  certain  to  reach  at  least  to  lunar 
distance*. 

At  times  when  the  sun  was  disturbed,  the  magnetosphere  and  the  radi- 
ation belts  were  affected.  The  spatial  extent  of  the  magnetosphere  varied 
appreciably  and  trapped  radiations  were  enhanced  following  solar  storms. 
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There  was  a question  as  to  whether  during  these  disturbed  conditions  new 
particles  woe  injected  into  the  radiation  belt  or  energy  was  transferred  by 
hydnxnagnetk  waves  from  the  interplanetary'  plasma  to  parades  already 
in  the  magnetosphere. 

Many  problems,  of  < June,  remain'd  unsolved.  An  explanation  of  the 
auroras  appeared  tantalirngly  dose,  yet  dusive.  The  immediate  cause  of 
the  main  phase  of  magnetic  storms  was  still  to  be  found.  How  energy  and 
particles  were  inserted  from  the  interplanetary  medium  into  the  magneto- 
spheric  regions  had  yet  to  be  explained.  The  existence  of  the  neutral  sheet 
had  not  been  established,  nor  had  its  precise  role  in  magnetospheric  phys- 
ics been  described.  How  the  field  lines  in  the  magnetuspheric  tail  closed 
again  also  had  yet  to  be  described.  Did  they'  perhaps  connect  with  magnetic 
field  lines  in  irKerpla»K-;.  » v space,  as  some  surmised?  Related  questions 
concerned  tlx  .-’in.  How  did  the  sun  manage  to  eject  the  streams  and 
clouds  of  highly  energetic  particles  and  magnetic  fields  that  from  time  to 
rime  upset  the  normal  conditions  in  the  solar  wind?  There  was  reason  to 
suppose  that  solar  magnetic  fields  were  the  ultimate  source  of  the  energy 
conveyed  to  these  clouds,  but  there  was  as  yet  no  generally  accepted 
expLanation. 

Most  of  the  early  research  on  the  magnetosphere  was  directed  toward 
describing  it.  As  the  subject  became  more  familiar,  more  and  more  atten- 
tion was  devoted  to  achieving  a coherent  explanation  of  the  magneto- 
sphere and  its  relationship  to  the  sun  and  interplanetary  medium  on  the 
one  hand,  and  to  terrestrial  phenomena  on  the  other.  By  1964  the  major 
interest  of  the  scientists  lay  in  trying  to  understand  the  various  processes  in 
magnetospheric  {4,- sics.  There  was,  of  course,  still  much  to  learn  about 
what  the  osy.nere  and  its  most  important  phenomena  were.  But 

enough  of  the  what  f ad  been  learned  that  now  investigators  could  profita- 
bly spend  muc.*,  ol  their  time  on  the  how , the  immediate  and  ultimate 
causes  of  the  auroras,  magnetic  storms,  radiation  belts,  and  the  magneto- 
spheric tail,  and  on  the  processes  that  related  causes  with  effects.  To  under- 
stand these  processes  would  be  the  principal  objective  of  magnetospheric 
research  in  the  years  ahead. 

Significance 

Clearly  the  discover)’  of  the  earth's  radiation  belt  and  the  subsequent 
description  developed  for  the  magnetosphere  constituted  a major  sciertific 
achievement.  It  is  natural,  then,  to  ask  what  the  significance  of  the  achieve- 
ment might  be.  Was  magnetospheric  physics  really  a new  field  of  research, 
as  some  claimed?  Did  Van  Allen's  discovery  set  in  motion  a scientific  revo- 
lution. or  was  the  unveiling  of  the  magnetosphere  simply  normal  science? 
The  attempt  to  answer  these  questions  provides  a good  illustration  of  the 
difficulties  in  Kuhn's  concepts  of  paradigm,  normal  science,  and  scientific 
revolution. 
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As  to  whether  magnetosphere  physics  was  a new  field  of  research, 
certainly  before  the  discovery  of  the  radiation  belt  no  one  was  consciously 
working  on  investigating  the  magnetosphere,  since  the  existence  of  such  a 
region  was  unknown.  Following  Van  Allen's  experiments,  scores  of 
researchers  began  to  investigate  the  magnetosphere.  One  could  then  legit- 
imately argue  that  here  was  indeed  a new  field  of  research,  not  being 
pursued  before,  now  being  pressed  vigorously.  But  this  seems  too  shallow  a 
conclusir.i.  For  research  on  the  earth's  magnetic  field,  the  auroras,  sun- 
earth  relationships,  and  cosmic  rays  had  been  of  long  standing  when 
Explorer  1 went  aloft.  From  this,  magnetosphere  physics  appears  more  as 
simply  one  aspect  of  those  other  fields— a remarkable  and  hitherto  unfore- 
seen aspect,  to  be  sure,  but  integrally  related. 

Did.  then,  the  unveiling  of  the  magnetosphere  constitute  a scientific 
revolution  iti  die  ldaitd  scientific  fields?  Certainly  the  magnetosphere 
paradigm  that  emerged  from  the  first  half-dozen  years  of  satellite  ami 
space-probe  research  was  new  and  unpredicted.  One  is  tempted,  then,  to 
argue  that  the  emergence  of  this  entirely  new’  paradigm  was  evidence  of  a 
scientific  resolution.  But  again  the  quick  answer  may  be  too  superficial. 
True,  the  trapped  radiations  and  the  magnetosphere  as  it  was  revealed  were 
un predicted.  But  that  is  not  the  criterion  of  a scientific  resolution.  One 
must  ask  instead  whether  the  radiation  belt  and  the  magnetosphere  were 
unpredictable  from  the  existing  paradigm  in  the  sense  of  being  fundamen- 
tally inconsistent  with  it.  The  answer  to  this  question  may  well  be  no.  In 
fa et,  the  work  of  Scanner  and  others,  based  wholly  on  the  existing  para- 
digm. had  provided  an  adequate  basis  for  predicting  the  existence  of 
trapped  radiations  in  the  earth's  magnetic  field.  In  this  light  the  new  mag- 
netosphere paradigm  appears  as  a straightforward  extension  of  the  pre- 
viously existing  paradigm,  requiring  no  changes  in  fundamental  princi- 
ples or  concepts.  From  this  perspective,  then,  the  magnetosphere  research 
of  the  early  1960s  was  normal  science — exciting,  productive,  important,  yet 
normal  science.  But  magnetosphere  physicists  are  likely  to  consider  the 
above  perspective  too  broad.  Norman  Ness,  one  of  the  key  figures  in  mag- 
netosphere research,  regards  the  progress  made  in  the  half-dozen  years  fol- 
lowing the  discovery  of  the  radiation  belts  as  revolutionary.  In  this  assess- 
ment Ness  considers  the  emergence  of  a new’  magnetosphere  paradigm 
and  the  fact  that  no  one  predicted  it  as  of  primary  significance.29 

One  major  implication  of  the  research  on  the  earth’s  magnetosphere — 
which  was  immediately  recognized — was  that  the  way  in  w hich  the  inter- 
planetary medium  affects  a planet  depends  strongly  on  whether  the  planet 
has  a magnetic  field,  in  a period  w het  the  idea  of  comparative  planetology 
was  being  emphasized  by  the  availability  of  spacecraft  to  carry  scientific 
investigations  to  the  different  planets,  scientists  previously  interested  in 
sun-earth  relations  were  beginning  to  talk  about  sun-planetary  relations.  It 
had  already  appeared  as  though  the  moon  produced  a detectable  wake  in 
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the  solar  wind,  although  later  measurements  by  Explorer  55  would  show 
that  the  lunar  wake  extends  only  a few*  lunar  radii  downstream,  instead  of 
to  the  vicinity  of  the  eanh  as  originally  supposed.39  The  moon  presented 
the  case  of  a planetary  body  with  very  little  magnetic  field  and  no  atmos- 
phere. Solar  w ind  particles  might  be  expected,  then,  to  strike  the  lunar 
surface  directly.  In  the  case  of  Venus,  which  also  has  little  magnetic  field 
but  which  has  an  atmosphere  perhaps  100  times  that  of  Earth,  the  solar 
w'ind  would  impinge  on  the  top  of  the  atmosphere  but  would  not  be  able 
to  reach  the  planet  s surface.  Mars  would  present  the  case  of  a planet  with 
little  magnetic  field  and  an  atmosphere  about  one  percent  that  of  Earth. 
Jupiter,  on  the  other  hand,  with  its  very*  strong  magnetic  field  would  have 
a huge  magnetosphere.  If  radio  bursts  that  were  observed  to  come  from 
Jupiter  were  from  trapped  particles,  the  Jupiter  radiation  belt  would  prove 
much  more  intense  than  Earth's.  At  the  end  of  1964  these  were  principally 
ideas  for  future  research,  knowledge  of  Earth  s magnetosphere  invested  that 
future  research  with  considerable  promise. 

Sateujte  Geodesy 

Satell  te  geodesy  also  made  a substantial  contribution  to  the  deepening 
perspective  in  which  men  could  view  their  own  planet.  But  the  new  per- 
spective differed  in  an  interesting  way  from  that  provided  in  magneto- 
spheric  physics.  For  the  latter,  rockets  and  satellites  revealed  a wide  range  of 
hitherto  unknown  phenomena.  In  contrast  the  subject  matter  and  prob- 
lems of  geodesy  were  well  known:  it  was  increased  precision,  the  ability  to 
measure  higher  order  effects,  and  the  means  for  constructing  a single  glo- 
bal reference  system  that  space  methods  helped  to  provide. 

Geodesy  may  be  divided  into  two  areas:  geometrical  geodesy  and 
dynamical . or  physical  geodesy . Ilie  former  seeks  by  geometrical  and 
astronomical  measurements  to  determine  the  precise  size  and  shape  of  the 
earth  and  to  locale  positions  accurately  on  the  earth  s surface.  The  latter  is 
the  study  of  the  gravitational  field  of  the  earth  and  its  relationship  it  the 
solid  Sifucture  of  the  planet.  As  will  be  seen,  geometrical  and  physical 
geodesy  are  intimately  related. 

Geodesy  offers  many  practical  values.  Accurate  maps  of  the  earth's  sur- 
face depend  on  a know  ledge  of  both  sue  and  shape.  Into  the  20th  century 
the  requirements  for  precision  were  rather  modest.  Individual  countries 
could  choose  their  own  reference  systems  and  control  points  and, 
using  geodetic  measurements  made  w ithin  their  own  territories,  produce 
maps  of  sufficient  accuracy  for  national  purposes.  The  appreciable  differ- 
ences among  the  *arious  geodetic  systems  did  not  appear  to  matter.  As  late 
as  1947.  disagreements  among  Danish.  Swedish.  German.  Norwegian. 
French,  and  English  systems  ranged  from  95  meters  to  250  meters,  while  in 
the  absence  of  adequate  surveys,  ercors  between  the  various  continents  and 
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ocean  islands  could  be  i kilometer  or  more.51  For  demands  in  the  mid-20th 
century,  the  most  obvious  being  those  of  air  and  marine  navigation  and 
missilery,  such  errors  could  at  times  appear  enormous,  and  there  was  a 
growing  agitation  among  geodesists  to  generate  a world  geodetic  system 
that  would  use  a common  reference  frame  and  tie  all  nets  around  the  world 
into  a single  system.  At  this  point  the  artificial  satellite  appeared  on  the 
scene  and  was  able  to  provide  some  help.  To  understand  how  the  satellite 
could  contribute. w basic  concepts  are  needed. 

The  science  of  geodesy  began  when  the  Greek  Eratosthenes  (c.  276-c. 
192  B.C.).  believing  the  earth  to  be  spherical,  combined  astronomical 
observation  with  land  measurement  to  estimate  the  size  of  the  globe 
(fig.  36).5*  He  had  learned  (actually  incorrectly)  that  at  noon  in  mid- 
summer the  sun  shown  vertically  down  into  a well  in  Syene  (now  Aswan). 
Observing  that  at  the  same  time  the  sun  as  seen  from  Alexandria  was  7.2° 
south  of  the  zenith,  he  concluded  that  the  arc  along  the  earth  connecting 
Syene  and  Alexandria  had  to  subtend  an  angle  of  7.2°  at  the  earth  s center. 
The  arc  accordingly  had  to  be  7.2  360  or  I 50  of  a total  meridian  circle.  He 
was  told  that  a camel  caravan  took  50  days  to  travel  from  Alexandria  to 
Syene.  Using  a reasonable  camel  speed  he  deduced  ^ leng*h  for  the  arc. 
which  multiplied  by  30  gave  him  a rough  estimate  (16%  too  large)  of  the 
length  of  a whole  meridian  circle.  Such  estimates  of  the  earth's  dimensions 
improved  over  the  centuries  as  different  persons  used  better  measurements, 
and  eventually  better  techniques. 

Concerning  techniques,  the  next  major  step  in  geodesy  came  when 
Tycho  Brahe  conceived  of  the  method  of  triangulation,  which  was  devel- 
oped into  a science  by  Willebrord  Snell.  In  this  technique  (fig.  37)  the 
points  A and  P.  between  which  the  distance  is  to  be  determined,  are  con- 
nected by  a series  of  interlinking  triangles.  ITie  length  of  one  side  of  one  of 
the  triangles  that  is  convenient  to  measure - say  the  side  AB  of  the  first 
triangle — is  then  measured  to  a high  degree  of  accuracy.  One  then  mea- 
sures the  angles  of  the  first  triangle,  which  can  be  done  with  precision 
much  more  easily  than  measuring  length.  Using  the  law  of  sines,  the 
initial  side  of  the  next  triangle  down  the  chain  can  then  be  calculated.  The 
process  can  be  repeated  to  get  the  length  of  the  initial  side  of  the  third 
triangle  of  the  c hain.  Moving  step  by  step  from  triangle  to  triangle,  one 
finally  gets  to  the  la»t  triangle,  of  which  P is  a vertex.  With  the  lengths  of 
all  the  sides  of  the  triangles  known,  it  is  then  possible  to  compute  the 
distance  between  A and  P along  the  terrestrial  sphere.  Fot  great  distances 
one  must,  of  course,  introduce  appropriate  corrections  to  take  into  account 
that  the  sum  of  the  angles  of  a triangle  on  a sphere  is  greatei  than  180°. 
With  care  a high  degree  of  accuracy  can  be  achieved.  Bv  using  nets  of 
triangles  one  can  prexeed  outward  along  one  chain  to  the  selected  jxiint  P, 
and  back  along  a different  chain  to  calculate  the  measured  baseline  AB.  If 
the  calculated  value  of  AB  is  sufficiently  close'  to  the  originally  measured 


Ftguic  Triangulation.  Tht>  technique  provided  a step-by-step  method  of  accu- 
ratelx  determining  the  distance  between  widely  separated  points  on  the  earth’s 
surface . 

value,  the  confidence  in  the  calculated  value  of  AP  can  be  high.  Jean 
Picard  (1620-1682)  employed  this  technique  in  obtaining  the  value  of  the 
earth’s  radius  that  Isaac  Newton  used  in  deriving  his  law  of  gravitation. 

The  period  from  Fratosthenes  to  Picard  has  been  referred  to  as  the 
spherical  era  of  geodesy.  During  that  time  it  was  assumed  that  the  earth 
was  a sphere.  This  made  the  geodetic  problem  quite  simple,  for  one  had 
only  to  determine  the  radius  of  the  terrestrial  sphere,  and  the  rest  came  out 
of  simple  geometry  (spherical  trigonometry  ).  But  in  the  17th  century  it 
became  clear  that  the  earth  was  not  spherical.  From  this  [>eriod  on  the 
earth  was  visualized  as  essentially  an  ellipsoid  of  revolution,  with  its 
major  axis  in  the  equatorial  plane  and  minor  axis  along  the  earth’s  axis  of 
rotation.  The  bulge  in  the  equatorial  plane  could  be  explained  as  due  to 
centrifugal  forces  from  the  earth's  rotation.  ITuis,  the  18th  and  19th  centu- 
ries could  be  thought  of  as  the  ellipsoidal  period  of  geodesy  , and  a prime 
task  was  to  find  the  ellipsoid  of  proper  size  and  flattening  to  best  represent 
the  earth.  By  the  mid-2Qth  century  the  equatorial  radius  of  the  reference 
ellipsoid  had  been  determined  as  6!*78388  meters,  while  the  flattening— 
that  is.  the  ratio  of  the  difference  between  the  equatorial  and  polar  radii  to 

m 


Deepening  Perspective 


the  equatorial  radius— was  put  as  1 297.M  The  tasks  of  modem  geodesy 
grew  out  of  this  historical  background 

Those  seeking  a single  geodetic  net  for  the  world  had  to  agree  on  a 
suitable  reference  frame.  It  is  natural  to  take  this  as  a rectangular  coordi- 
nate system  with  origin  at  the  earth's  center  and  three  mutually  perpendic- 
ular axes*  one  along  the  earth's  rotational  axis  and  the  other  two  in  the 
equatorial  plane.  Alternatively  one  could  use  spherical  polar  coordinates 
locating  a point  by  its  distance  from  the  origin  of  coordinates,  and  its 
latitude  and  longitude.  In  principle  all  measurements  and  calculations 
could  be  made  in  terms  of  these  coordinates  without  any  intermediate  ref- 
erence. To  visualize  the  geometry',  however,  a reference  surface  approximat- 
ing the  actual  surface  of  the  earth  is  helpful.  The  most  useful  reference 
surface  should  satisfy  two  important  criteria.  First,  it  should  be  of  such  a 
size  and  shape  that  all  locations  on  the  earth  are  close  to  the  reference. 
Secondly,  the  surface  should  be  one  on  which  calculations  of  positions, 
angles,  and  distances  are  mathematically  simple.  A sphere  would  satisfy 
the  second  criterion  very'  nicely,  since  one  could  use  the  ordinary  spherical 
trigonometry  of  air  and  marine  navigation.  But  for  any  chosen  sphere, 
many  locations  on  earth  would  be  unacceptably  far  from  the  reference.  By 
flattening  the  sphere  at  the  poles,  however,  to  produce  an  oblate  ellipsoid 
of  revolution,  both  criteria  can  be  met.  For  calculations  the  methods  of 
analytic  geometry  can  be  used,  and  an  ellipsoid  of  the  equatorial  radius 
and  flattening  given  in  the  preceding  paragraph-6  378388  meters  and 
1 297  respectively — provides  a good  first  order  approximation  to  the  actual 
size  and  shape  of  the  earth.  This  ellipsoid  of  revolution,  with  center  at  the 
origin  of  coordinates,  was  often  used  as  reference  ellipsoid  before  the 
advent  of  satellites.  As  will  be  seen  later,  satellite  geodesy  provided  an 
improved  estimate  of  the  size  and  flattening  of  this  reference  ellipsoid. 

By  furnishing  the  means  of  accurately  positioning  different  sites  and 
features  on  the  earth,  geometrical  geodesy  prov  ides  essential  data  for  map 
makers,  the  fixing  of  political  boundaries,  civil  engineering,  and  military 
targeting.  But.  ihe  data  also  raise  numerous  scientific  questions,  such  as 
why  various  features  are  where  they  are  and  what  forces  cause  observed 
irregularities  in  the  shape  of  the  eanh.  Dynamical  geodesy  addresses  itself 
to  such  questions. 

Among  the  factors  affecting  the  shape  of  the  earth  are  the  distribution 
of  matter  in  the  crust  and  mantle,  centrifugal  forces  due  to  the  earth's 
rotation,  and  gravity.  The  dominant  factor  is  gravity,  and  an  investigation 
of  the  earth’s  gravitational  field  lies  at  the  heart  of  dynamical  geodesy.  To 
understand  why.  the  concepts  of  geoid  and  spherical  harmonics  will  be 
helpful. 

First  the  geoid.  To  start,  consider  a simplified  cast'.  Suppose  the  earth 
to  be  perfectly  homogeneous,  plastic,  and  nonrotating.  Then  the  earth 
would  assume  ihe  shape  of  a perfect  sphere  (fig.  38).  More  significantly. 


Bt  YONI)  I MF  AlMOSPHKRK 


level  surfaces  around  the  earth  would  also  be  perfect  spheres.  By  level  sur- 
face is  meant  a surface  to  which  the  fotce  of  gravity  is  perpendicular  every- 
where. At  any  point  on  the  surface  the  bubble  of  a spirit  level  held  tangent 
to  the  surface  would  be  centered.  A pool  of  water  on  a level  surface  would 
experience  no  sidewise,  or  “downhill,’’  gravity  forces  urging  the  water  to 
flow  (and  were  it  not  for  internal  pressures  in  the  water  and  adhesion  to 
the  material  of  the  surface,  the  pool  wou'd  stay  where  it  was). 

The  level  surface  that  coincides  with  the  actual  surface  of  the  earth  is 
called  the  geoid.  In  the  idealized  case  treated  here,  the  geoid  is  a perfect 
sphere. 

Now  suppose  a homogeneous,  plastic  earth  rotates  around  a fixed  axis. 
In  this  case  the  centrifugal  forces  of  the  rotation  combine  with  gravity 
lessening  the  gravity  and  causing  a bulge  at  the  equator  and  producing  a 
flattening  at  the  poles  (fig.  39).  The  earth’s  figure  becomes  that  of  an  oblate 
ellipsoid  of  revolution,  the  surface  of  which  is  level.  If  the  surface  were  not 
level,  sideways  forces  on  the  plastic  material  would  keep  the  material  flow- 
ing until  those  fortes  were  reduced  to  zero.  Thus,  for  this  case,  the  geoid  is 
the  ellipsoid  of  revolution  comprising  the  earth's  surface. 

Next,  return  to  the  nonrotating  earth,  but  this  time  suppose  that  near 
the  sulfate  is  a large  mass  of  material  much  denser  than  the  rest  of  the 
earth  (fig.  -40).  In  this  case,  near  the  dense  mass  th”  level  surfaces  are  no 
longer  spherical.  For.  if  one  imagines  holding  a spirit  level  near  the  in- 
truding mass,  its  extra  gravitational  pull  draws  the  fluid  of  the  level 
toward  the  mass  thus  forcing  the  bubble  away.  To  counter  this  effect  the 
end  of  the  level  nearer  the  mass  must  be  tipped  up  to  recenter  the  bubble. 
In  other  words,  the  level  surface  tips  upward  as  one  approaches  the  mass. 


Figure  IS.  The  geoid  in  the  case  of  a 
homogeneous,  plastic,  nonrotatmg 
earth.  For  the  idealized  case  depicted 
here,  the  geoid  is  a perfect  sphere. 
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Figure  ?9.  The  geotd  in  the  case 
of  a homogeneous . plastic , ro- 
tating earth.  /«  this  case,  also  an 
idealized  ne.  the  geoid  is  a per- 
fect oblate  ellipsoid  of  rex*oluticn. 
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thus  forming  a bulge.  In  a similar  vein,  near  a mass  deficiency,  the  level 
surface  would  show  a depression. 

For  a rotating,  nonhomogeneous  earth,  the  same  reasoning  applies. 
Mass  concentrations  in  the  crust  produce  bulges  in  the  geoid  while  mass 
deficiencies  create  depressions  (fig.  41).  Thus,  the  actual  geoid,  which  for 
the  real  earth  is  defined  as  the  level  surface  that  over  the  oceans  coincides 
with  mean  sea  level,  furnishes  a good  means  of  visualizing  variations  in 
the  structure  of  the  earth.  Since'  mass  and  gravity  go  together,  these  struc- 


Figure  40.  The  geotd  in  the  case  of  a nonhomogeneous , nonrotating  earth . I filia- 
tions m the  earth's  density  generate  bulges  and  depressions  in  the  geotd . 

Level  surface  rises 

Must  tip  this  end  over  the  mass. 


Broken  tine  ts  geoid  with 


by  then  rxistrnce  npprrcutble  - Indicates  m»»  deficiency 

iyujafion>  in  the  materiel  of  the 

planet. 


niral  features  are  revealed  in  their  influence  on  the  earths  gravitational 
held,  intensifying  the  field  near  mass  excesses  and  weakening  it  near  mass 
deficiencies.  These  perturbations  in  the  earth’s  field  produce  corresponding 
perturbations  in  the  orbits  of  satellites  which  revolve  under  the  influence  of 
gravity.  A precise  analysis  of  these  orbital  perturbations  can  yield  the  fea- 
tures of  the  field.  From  these  one  finally  gets  back  to  the  geoid  and  the 
earth  s structure. 

Mathematically  the  earth’s  gravitational  field  can  be  derived  by  calcu- 
lus from  what  is  called  the  geopotential  function  Physically  the  surfaces 
over  which  ♦ is  constant  are  the  level  surfaces  discussed  earlier  in  defining 
the  geoid.  Thus  the  makeup  of  the  geoid  and  that  of  the  earth’s  surface 
geopotential  are  identical. 

The  geopotentiai  function  can  lx*  expressed  as  the  sum  of  an  infinite 
number  of  terms  (in  general).  Because  these  terms  can  be'  expressed  in  sines 
and  cosines  of  latitude  and  longitude,  they  are  referred  to  as  spherical  har- 
monics. by  analogy  with  the  harmonic  analysis  of  a vibrating  string  where 
sines  and  cosines  of  the  various  multiples  of  the  fundamental  frequency  of 
the  string  are  used.*  The  amount  of  a specific  harmonic  in  the  expansion 
of  the  geopotentiai  is  given  by  a coefficient  JHm . The  most  general  harmon- 
ics correspond  to  distortions  of  the  geoid  in  boih  latitude  and  longitude. 
Some,  called  sectorial  harmonics . reveal  major  distortions  in  longitude — 
for  example,  an  elliptic  itv  in  the  earth’s  equator.  Of  special  importance  are 
the  zonal  harmonics,  which  correspond  to  coefficients  Jum  for  which  rn  = 0 
and  which  depend  only  on  latitude.  The  second  zonal  harmonic  corres- 
ponds to  the  earth's  equatorial  bulge  caused  by  the  earth’s  rotation.  The 
third  zonal  harmonic,  if  present  in  the  expansion  of  the  geopotential. 


•Mot  <om)drul\,  tike  the  and  mono.  thr  hasit  Cumttnmmit  of  v%huh  spheru al  harmonio 
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would  add  a pear-shaped  component  to  the  earth's  figure,  elevating  the 
geoid  at  one  pole  and  depressing  it  at  the  other. 

It  was  in  regard  to  the  reference  ellipsoid  and  the  coefficients  in  the 
spherical  harmonic  expansion  of  the  earth's  potential  that  satellite  mea- 
surements could  aid  the  geodesist.  The  most  straightforward  contribution 
was  to  provide  a sighting  point  in  the  sky  that  could  be  used  to  make  direct 
connections  between  remotely  separated  points  of  the  earth,  supplementing 
the  method  of  triangulation  along  the  earth's  surface.  For  this  purpose 
simultaneous  sightings  of  a satellite  from  two  widely  separated  points  were 
most  useful.  But  once  the  orbit  of  a satellite  had  been  accurately  deter- 
mined, simultaneous  sightings  were  not  required.  One  could  relate  sepa- 
rate sightings  by  computing  the  time  and  distance  along  the  orbit  from 
one  sighting  to  the  other,  and  again  proceed  to  compute  the  distance 
between  the  two  observing  stations  on  the  earth.  By  this  latter  method  con- 
tinental and  transoceanic  distances  could  be  spanned,  clearly  a powerful 
aid  in  tying  together  different  geodetic  nets  of  the  world. 

The  second  major  contribution  that  satellites  could  make  w*as  to  help 
determine  the  different  harmonic  components  of  the  earth’s  gravitational 
field,  or  alternately  of  the  earth's  gravitational  potential.  The  orbit  of  a 
satellite  is  determined  completely  by  its  initial  position  and  velocity  and 
the  forces  operating  on  it.  These  forces  include  the  gravitational  influences 
of  the  earth,  sun,  and  moon;  atmospheric  drag;  solar  radiation  pressures; 
and  self -genera ted  disturbances  such  as  those  caused  by  gases  escaping 
from  the  interior  of  the  satellite.  For  a satellite  near  the  earth  yet  well  out 
of  the  appreciable  atmosphere,  the  earth's  gravity  controls  the  orbit,  the 
other  effects  amounting  to  corrections  that  have  to  be  taken  into  account. 
As  for  the  earth’s  field,  Newton's  inverse  square  law  term  constrains  the 
satellite  to  an  essentially  elliptical  orbit.  But  higher  order  terms  also  have 
their  effects.  The  second  order  zonal  harmonic  or  equatorial  bulge  causes 
the  plane  of  the  satellite’s  orbit  and  the  line  joining  apogee  and  perigee  to 
rotate  in  space.  Still  higher  harmonics  produce  slight  undulations  in  the 
satellite’s  orbit,  which  can  be  measured  and  analyzed  to  determine  which 
harmonics,  and  how  much  of  each,  are  producing  the  observed  effects. 

The  application  was  simple  in  principle,  but  mathematically  very 
complicated.  Satellite  orbits  and  their  perturbations  wen  directly  related  to 
the  geoid.  while  the  positions  of  the  tracking  stations  and  geodetic  nets 
were  tied  to  the  reference  ellipsoid,  and  a major  objec  tive  was  to  improve 
the  quantitative  definitions  of  both  geoid  and  ellipsoid.  Because  of  the 
complexities,  the  modern  computer  was  required  to  take  advantage  of  the 
satellite  opportunities.  But  with  the  computer  the  complexities  and  impor- 
tant results  were  quickly  sorted  out. 

Some  of  the  earliest  came  from  the  first  Sputnik  and  Vanguard  satel- 
lites. I'sing  Sputnik  2.  E.  Buchar  of  Chechoslovakia  was  able  to  make  an 
estimate  of  the  earth’s  flattening.  From  the  measured  rate  of  precession  of 
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the  satellite’s  orbit,  which  could  be  related  mathematically  to  the  flatten- 
ing, Buchar  obtained  the  value 

/=  1/(297.90  ±0.18)  (12) 

which  is  to  be  compared  to  the  previously  accepted  value  of  1/297.  From  a 
more  extensive  analysis  of  the  Vanguard  1 satellite,  workers  at  the  US. 
Armv  Map  Service  obtained 

/=  1/(298.38  ±0.07)  (13) 

while  a U.S.  Naval  Research  Laboratory'  group  got  virtually  the  same 
answer. M 

While  the  measured  flattening  of  the  earth  was  smaller  than  that 
which  had  been  in  use,  it  was  significantly  greater  than  that  which  would 
exist  in  a plastic  earth  rotating  at  the  present  angular  velocity  of  the  earth, 
namely  1 300.3S  The  implication  was  that  the  earth’s  mantle  was  not  per- 
fectly plastic.  For  a perfectly  plastic  earth,  the  flattening  indicated  by  the 
satellite  measurements  would  correspond  to  an  earlier,  faster  angular  veloc- 
ity of  earth.  Instead,  changes  in  the  earth’s  equatorial  bulge  lag  by  a sub- 
stantial period-tens  of  millions  of  years— behind  the  changes  in  the  cen- 
trifugal forces  producing  the  bulge.36 

Vanguard  1 data  also  showed  that  the  eccentricity  of  the  satellite’s  orbit 
varied  bv  0.00042  ± 0.00003  with  a period  of  80  days.  John  O’Keefe  and  his 
colleagues  concluded  that  this  variation  had  to  be  caused  mostly  by  the 
third  harmonic  in  the  earth’s  gravitational  field.  The  distortion  corres- 
ponding to  this  harmonic  was  very  slight,  amounting  to  only  about  20 
meters  elevation  of  the  geoid  at  the  north  pole  and  an  equivalent  depres- 
sion at  the  south  pole — widely  described  in  the  newspapers  as  the  earth's 
‘pear-shaped*’  component — but  was  significant  in  that  it  might  imply  a 
considerable  strength  in  the  earth’s  interior.  O’Keefe  and  his  colleagues 
estimated  that  a crustal  load  of  2 X 107  dvnes  cm2  (2  X 106  n m2)  was 
implied  by  their  findings,  producing  stresses  which  they  said  “must  be 
supported  by  a mechanical  strength  larger  than  that  usually  assumed  for 
the  interior  of  the  earth  or  by  large-scale  convection  currents  in  the 
mantle.”37 

It  was  possible  by  a detailed  analysis  of  the  orbital  perturbations  to 
derive  a chart  of  the  departures  of  the  geoid  above  and  belowT  the  reference 
ellipsoid,  a chart  which  could  suggest  a great  deal  about  the  distribution  of 
mass  within  the  earth’s  crust.  Using  observations  from  five  different  satel- 
lites, William  Kaula  of  Goddard  Space  Flight  Center  produced  the  chart 
show  n in  figure  42  ™ The  positive  numbers  give  elevations  of  the  geoid  in 
meters  above  the  reference  ellipsoid,  which  was  taken  to  have  the  flattening 
of  1 298.24  indicated  by  satellite  measurements.  The  negative  numbers  give 
depressions  of  the  geoid  below  the  reference  ellipsoid.  As  an  example  of 
w hat  one  can  read  from  such  a chart,  the  elevations  and  depressions  of  the 
geoid  shown  in  the  equatorial  belt  stronglv  suggest  that  the  earth's  equator 
is  not  a circle,  but  an  ellipse.  This  is  consistent  with  an  analysis  by 
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C.  A.  Wagner  of  data  from  the  communications  satellite  Syncom  2 in  syn- 
chronous orbit  over  the  earth’s  equator.59  Wagner  found  a difference  of 
130  ± 4 meters  between  the  major  and  minor  equatorial  diameters,  with 
one  end  of  the  major  diameter  at  19°  ± 6°  west  of  Greenwich. 

While  many  workers  were  concerning  themselves  with  physical,  or 
dynamical,  geodesy,  others  were  working  on  the  problems  of  mensuration 
and  mapping.  Using  the  large  Echo  1 satellite,  French  geodesists  under- 
took to  check  the  tie  between  the  French  geodetic  net  and  that  of  North 
Africa.40  With  radio  tracking  techniques,  the  Applied  Physics  Laboratory  of 
the  Johns  Hopkins  University  determined  distances  between  stations  at  var- 
io  js  points  from  the  east  coast  to  the  west  coast  of  the  United  States.  From 
comparison  of  distances  measured  by  ground  surveys  and  those  determined 
by  satellite  techniques,  the  APL  workers  concluded  that,  with  a modest 
number  of  satellite  passes  and  four  or  more  observing  stations,  relative 
positions  of  ground  stations  separated  by  continental  distances  could  be 
obtained  with  a confidence  level  of  about  10  meters.41  Using  simultaneous 
photographic  observations  of  the  Anna  IB  geodetic  satellite  taken  from 
different  stations.  Air  Force  workers  measured  distances  between  stations 
separated  by  about  1000  km  with  good  accuracy — better  than  10  m.  They 
concluded  that  their  geodetic  stellar  camera  system  was  “operationally 
capable  of  extending  geodetic  control  to  proportional  accuracy  of  better 
than  1/100000  when  cameras  in  a network  simultaneously  observe  a flash- 
ing satellite  beacon.”42 

Significance 

The  power  of  satellite  geodesy  was  quickly  evident,  and  significant 
results  were  forthcoming  almost  as  soon  as  the  satellites  were  available. 
Nevertheless,  the  first  half-dozen  years  after  Sputnik  must  be  regarded  more 
as  a preparation  period  rather  than  as  a full  flowering  of  the  new'  tech- 
nique One  obtained  a better  estimate  of  the  size  and  shape  of  the  reference 
ellipsoid  to  use  for  a world  geodetic  system,  and  a good  start  on  tying  a 
number  of  existing  networks  together  by  using  satellite  triangulation.  But 
most  of  the  work  of  establishing  a worldwide  system  had  yet  to  be  done. 

Accuracies  measured  in  meters  were  achieved  in  the  early  work,  but 
these  were  far  from  the  precision  for  which  one  could  foresee  a need  and  of 
which  the  satellite  approach  ought  to  be  capable  eventually.  For  some 
applications  to  oceanography,  such  as  the  determination  of  circulations 
and  their  causes,  measurement  of  heights  of  the  sea  surface  (which  is  not 
always  at  mean  sea  level)  would  be  required  to  within  centimeters,  and 
correspondingly  the  altitudes  of  orbiting  satellites  to  a comparable  preci- 
sion. To  follow  the  motions  of  tectonic  plates  making  up  the  earth’s  crust, 
and  the  drifting  of  continents — a few  to  perhaps  10  centimeters  a year — 
comparable  accuracy  would  be  needed.  The  militar*  services  also  had 
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requirements  for  greater  accuracy  in  geodetic  measurements,  not  so  much 
in  the  positioning  c;  strategic  locations  around  the  world  relative  to  each 
other  as  in  the  determination  of  higher  order  harmonics  of  the  earth’s  grav- 
itational field,  which  would  affect  the  orbits  of  navigation  and  photo- 
graphic satellites  and  the  accuracy  of  long-range  missiles.  And  the  precise 
determination  of  the  earth’s  field  was  of  major  scientific  interest,  being 
directly  related  to  the  structure  and  processes  within  the  earth’s  crust  and 
mantle,  which  in  turn  were  probaolv  connected  with  the  causes  of  tectonic 
plate  motions  and  continental  drift.  To  obtair  the  great  precision  needed 
for  such  applications,  many  years  of  theoretical  work  and  practical  expe- 
rience with  the  new'  geodetic  techniques  still  lay  ahead. 

The  power  of  satellite  geodesy  for  gravitational  field  studies  lay  in  the 
different  avenue  of  approach  it  afforded  from  that  of  ground-based  geo- 
desy. For  example,  to  locate  the  geoid  from  surface  observations  one  might 
start  w ith  measurements  of  the  deflection  of  the  vertical  from  the  normal  to 
the  reference  ellipsoid.  But  the  normal  to  the  geoid  surface  (fig.  45),  which 
is  the  direction  of  gravity  at  the  point  in  question,  usually  differs  from  the 
direction  of  the  perpendicular  to  the  surface  of  the  reference  ellipsoid.  The 
deviation  is  determined  by  astronomical  measurements,  using  the  stars  as  a 
fixed  reference  system  in  space.  From  the  angle  between  the  normals  to  the 
geoid  and  the  reference  ellipsoid  at  a chosen  point,  one  can  deduce  for  any 
direction  along  the  ellipsoid’s  surface  the  slope  of  the  geoid  relative  to  the 
ellipsoid.  By  integrating  this  slope  along  various  arcs  the  departure  of  the 
geoid  above  and  below'  the  ellipsoid  of  reference  can  be  obtained.  Tre- 
mendous quantities  of  data  are  needed  to  construct  a chart  of  the  geoid  for 
the  whole  earth,  or  even  for  large  regions.  Furthermore,  the  technique 
cannot  be  applied  over  the  oceans. 

In  the  satellite  orbit,  nature  has  already  done  the  integrating  that  the 
ground-based  geodesist  must  do  in  depicting  the  geoid.  For  the  motion  of 
the  satellite  in  its  path  is  the  result  of  the  collection  of  forces  operating  on 
the  spacecraft,  the  dominating  one  being  that  of  the  earth  s gravity.  Thus, 
the  satellite  geodesist  has  in  the  orbital  data  a worldwide  picture  of  the 
geoid,  his  task  being  to  sift  out  the  different  harmonics  as  an  aid  to  visual- 
izing the  structure  of  the  gravity  field.  The  two  approaches  are  in  a sense 
from  opposite  direction  The  ground-based  geodesist  starts  from  bi*L  j d 
pieces  of  the  total  picture  and  tries  to  reconstruct  the  total  from  c 
pieces.  In  contrast  the  satellite  geodesist  starts  with  an  integrated  effect  and 
tries  to  discern  from  the  total  w hat  the  key  building  blocks  are. 

I*  had  been  extremely  difficult  to  determine  the  higher  harmonics  in 
the  earth  s field  from  ground  observations.  But  in  a fewr  years  artificial 
satellites  produced  a respectable  number  of  the  more  important  harmonics. 
By  the  mid-1960s  reasonably  consistent  values  of  the  zonal  harmonics 
(=/2  0)  through  ;7  (=  J1 0)  had  been  obtained  by  several  different  persons, 
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5.  Integrating  this  rate  along  arc  s 
gives  actual  departure  A 
of  geoid  from  ellipsoid. 

Figure  43.  Determining  the  geoid  from  ground-based  measure- 
ments. tl  i Tan  f is  the  slope  of  the  geoid  relatn * to  the  reference 
ellipsoid.  (2)  The  slope  ^nrs  the  rate  at  which  the  geoid  departs 
from  the  ellipsoid  as  a unction  of  distance  along  the  elhpsotd.  (3) 
Integrating  thts  rate  along  arc  s giz'es  the  actual  departure  h of  the 
geoid  from  the  ellipsoid. 


and  a number  of  the  more  general  coefficients — for  example.  /s.  /„,  /c, 

Jl5*  J || — had  been  computed.43  In  view  of  such  successes  it  is  natural  to 
ask  if  satellite  geodesy  was  destined  to  supplant  ground-based  geodesy.  The 
answer  to  this  question  must  be  no.  Just  as  sounding  rockets  continued  to 
be  essential  for  upper  atmospheric  research  even  alter  the  satellite  was 
available,  so  ground  techniques,  the  power  of  which  was  greatly  streng- 
thened by  the  development  of  long-baseline  interferometry  using  fixed 
sources  in  the  skv  like  pulsars,  remained  essential  to  geodesy.  In  fart,  over 
the  years  ahead  geodesists  would  be  discussing  the  necessity  of  combining 
ground-based  and  satellite  methods  to  achieve  required  accuracies. 

Nevertheless,  satellite  geodesy  injected  a remarkable  stimulus  into  the 
field.  By  1964  the  work  , astronomers  were  seriously  considering  incorpo- 


198 


Deepening  Perspective 


racing  the  new  results  from  satellite  geodesy  into  the  international  system 
of  astronomical  constants.44  As  with  the  magnetosphere,  one  is  led  to  ask  if 
such  actions,  along  with  the  impressive  results  flowing  from  geodetic 
research  with  satellites,  did  not  indicate  a scientific  revolution  in  the  field. 
Satellite  geodesists  could  indeed  think  and  speak  of  their  work  as  “revolu- 
tionary/* 

As  John  O’Keefe  observes,  the  satellite  results  had  forced  the  aban- 
donment of  what  had  previously  been  accepted  as  the  basic  hypothesis  of 
geodesy.  In  brief,  the  hypothesis  held  that  there  are  no  extensive  areas  on 
earth  in  which  the  difference  between  the  earth’s  gravity  and  the  gravita- 
tional field  to  be  expected  from  a uniform  ellipsoid  is  of  a single  algebraic 
sign.  The  basic  hypothesis  stemmed  from  the  concept  of  isastmsy , in  which 
the  earth  was  supposed  to  liave  an  essentially  plastic  mantle  in  which  stress 
differences  would  promptly  be  relieved.  But  satellite  measurements  re- 
vealed that  there  are  substantial  low -order  harmonics  in  the  earth’s  field, 
casting  serious  doubt  on  the  idea  of  a plastic  mantle,  and  imposing  serious 
limits  on  the  idea  of  isostasy.  In  O'Keefe's  own  words: 

The  Vanguard  results  swept  this  whole  philosophy  into  limbo.  Stress 
differences  clearly  existed  in  the  mantle.  Isostasy  was  not  true  on  a large 
scale,  at  least  not  to  the  extent  demanded  by  the  Basic  Hypothesis  of  Geodesy. 

The  meaning  of  this  revolution  in  geodesy  is  not  yet  clear  in  terms  of 
geophysics.  We  know  that  the  hydrostatic  assumption  (isostasy)  is  not  as 
good  as  we  thought:  but  what  takes  its  place?  Hydrostatic  'Xjuitibrium  means 
that  the  earth  behaves  like  a liquid  at  rest:  that  is  not  good  enough:  but  is  it 
because  the  earth  is  a liquid  in  motion  (i.e..  converting)  cr  is  it  because  the 
earth  can  be  thought  of  as  a solid  (i.e.,  having  a non-tero  ultimate  strength)? 

. . . The  ambiguity  here  has  tended  to  obscure  the  significance  of  the  revolu- 
tion in  geodesy.  . . . The  geodetic  significance  of  the  satellite  revolution  is 
clear;  there  are  substantial  low  harmonic's,  and  isostasy  has  im  serious  lim- 
its as  a mode  of  describing  the  large-scale  behavior  of  the  earth.  The  Bask 
Hypothesis  is  false.4* 

Finally  it  must  be  noted  that  the  expanded  perspective  afforded  by 
satellite  geodesy  applied  not  only  to  the  earth.  The  techniques  that  were 
proving  so  useful  in  the  study  of  the  earth  would  obviously  be  effective  in 
investigating  the  moon  and  planets.  Indeed,  it  was  clear  that  a very  long 
time  would  elapse  before  extensive  ground-based  geodesy  could  be  prac- 
ticed on  another  planet.  For  the  foreseeable  future  satellites  would  have  to 
be  the  principal  tool  of  lunar  and  planetary  geodesy.  Fortunately  circum- 
stances had  provided  a considerable  opportunity  to  practice  with  this  new’ 
tool  before  lunar  and  planetary  orbiters  would  be  in  operation.  But  there 
was  little  lime  to  spare.  By  the  end  of  1964  the  Lunar  Orbiter  was  getting 
ready  to  go. 

By  the  middle  of  the  1960s  the  sounding  rocket  and  instrumented 
spacecraft  had  proved  themselves  to  be  revolutionary  new  tools  for  scien- 
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tific  research  in  the  sense  that  they  had  made  possible  investigations  and 
discoveries  not  possible  at  the  ground.  They’  had  allowed  men  to  look  back 
on  the  planet  from  a new  vantage  point  in  space,  enhancing  the  perspec- 
tive in  which  one  could  view  the  earth.  This  perspective  would  continue  to 
deepen  as  spacecraft  and  men  reached  other  planets,  making  it  possible  to 
study  the  earth  not  as  the  only  accessible  planet  but  as  one  of  many  like 
objects.  Broadly,  these  investigations  might  be  regarded  as  normal  science. 
But  many  scientists  considered  the  impact  of  space  science  on  both  magne- 
tospheric  physics  and  geodesy  as  resolutionary.  especially  in  the  lYame- 
work  of  the  individual  discipline.  In  any  event,  the  degree  to  which  space 
studies  enriched  those  sciences  was  inspiration  to  the  scientists  and  a satis- 
fying return  on  the  investments  of  the  countries  that  supported  the  work. 
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Who  Decides? 


Congress  put  the  national  space  program  in  the  hands  of  the  civilian 
National  Aeronautics  and  Space  Administration  without  prescribing  ex- 
actly what  the  program  should  be.  Objectives  of  the  space  program  as  artic- 
ulated in  the  NASA  Act  of  1958  left  a tremendous  leewav — in  fail,  a consid- 
erable responsibility — »o  NASA  and  the  military  to  decide  what  should  be 
done.1  Not  that  NASA  could  decide  such  questions  unilaterally.  for  as  with 
all  such  complex  programs  there  were  many  levels  of  dec  ision.  from  w ithin 
the  agency  to  the  Bureau  of  the  Budget  and  the  president,  to  the  Ccngress. 
and  hack  to  the  president.  But  assuming  a reasonable  amount  of  wisdom 
and  aitrac tixeness  to  what  NASA  promised,  the  agency  could  expect 
approval  of  much  of  what  it  asktd  lor.  especially  in  the  climate  of  competi- 
tion with  the  Soviet  I'nion  that  characterized  the  years  immediately  after 
launch  of  the  first  Sputnik. 

While  ultimate  authority  in  such  matters  rests  with  Congress  and  the 
president,  the  initial  stages  in  which  a salable  proposal  is  being  developed 
may  be  all-important.  The  scientific  community  wanted  to  participate  in 
the  initial  stage's — not  only  in  the  conduc  t of  experiments.  Indeed,  the  firm 
determination  to  do  so  was  a major  force  in  the  relations  between  NASA 
and  scientists.  While  this  desire  made  it  easy  to  bring  first-rate  scientists 
into  the  planning  of  the  program,  it  also  generated  tension  when  NASA 
undertook  to  make  the  decisions  as  to  w hat  to  propose  to  the  administra- 
tion and  Cringress. 

Many  felt  that  the  National  Academy  of  Sciences  as  representative  of 
the  nation's  scientists  should  call  the  shots  in  the  national  space  science 
program.  Immediately  upon  its  creation  in  mid-1958,  the  Space  Science 
Board  solicited  proposals  and  suggestions  from  the  national  scientific  com- 
munity for  space  science  projects  that  should  follow'  the  accomplishment 
of  the  International  Geophysical  Year  satellite  program.2  After  assessing 
about  200  such  proposals,  the  board  sent  recommendations  to  NASA  shortly 
before  NASA  opened.5  NASA  managers  were  pleased  to  have  these  recom- 
mendations and  incorporated  them  into  program  planning.  But  NASA 
was  not  willing  to  accept  any  implication  that  space  science  proposals 
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should  normally  come  to  NASA  through  the  Academy  of  Sciences,  or  that 
the  Space  Science  Board  should  decide  what  experiments  to  conduct  in  the 
NASA  program. 

NASA's  position  was  that  operational  responsibilities  placed  by  law 
upon  the  agency  could  not  be  turned  over  to  some  other  agency.  Moreover, 
decisions  concerning  the  space  science  program  could  not  be  made  on 
purely  scientific  grounds.  There  were  other  factors  to  consider,  such  as 
funding,  manpower,  facilities,  spacecraft,  launch  vehicles,  and  even  the 
salability  of  projects  in  the  existing  climate  at  the  White  House  and  on 
Capitol  Hill— factors  that  only  NASA  could  properly  assess. 

So  there  followed  a brief  skirmish  between  the  Academy  and  NASA  as 
NASA  insisted  on  deciding  what  space  science  it  would  include  in  its  pro- 
posals to  the  administration  and  Congress.*  Hugh  Odishaw,  executive 
director  of  the  Space  Science  Board,  pressed  even  further,  urging  that  NASA 
rely  entirely  on  the  outside  scientific  community  for  its  science  program, 
and  not  create  any  NASA  space  science  groups.  The  author — heading 
NASA's  space  science  program — resisted  and  was  supported  by  Silverstein 
and  Dryden  on  the  grounds  that,  aside  from  wanting  to  be  involved  in  the 
scientific  work,  the  agency  had  to  have  a scientific  competence  to  work 
properly  with  the  outside  sc  ientific  community.  Were  NASA  to  limit  itself 
only  to  engineering  and  technical  staffs,  day-to-day  dec  isions  in  the  prepar- 
ation of  satellites  and  space  probes  would  have  to  be  made  without  the 
insights  into  basic  and  sometimes  subtle  scientific  needs  that  only  working 
scientists  could  provide. 

NASA  created  space  science  groups  in  a number  of  the  centers,  espe- 
cially in  the  (Goddard  Space  Flight  Center  and  the  Jet  Propulsion  Labora- 
tory. A few  years  later  John  Simpson,  physicist  at  the  University  of  Chicago, 
confided  to  the  author  that  he  had  been  one  of  those  who  had  opposed  the 
idea  of  NASA's  having  in-house  space  science  groups.  He  had,  however, 
completely  changed  his  mind  after  seeing  how  valuable  it  was  for  the  out- 
side scientists  to  have,  as  it  were,  full-time  representation  at  the  centers,  and 
to  have  an  understanding  ear  to  turn  to  when  problems  arose.  Simpson 
specifically  cited  the  Interplanetary  Monitoring  Platform — an  Explorer- 
class  satellite  conceived  bv  Goddard  Space  Flight  Center  scientists  for  in- 
vestigating cislunar  space — as  extremely  valuable  for  space  science,  partic- 
ularly for  his  own  scientific  interests.  Yet  he  and  his  colleagues  in  the 
universities,  working  only  part  time  on  space  research  and  without  exten- 
sive engineering  support,  were  unlikely  to  have  created  any  such  vehicles. 

The  first  skirmish  with  the  Academy  and  the  outside  scientists  was  not 
long  lived,  and  NASA  emerged  firmly  in  control  of  space  science  as  well  as 
in  other  aspects  of  the  space  program.  Nevertheless.  NASA  managers  in- 
tended that  time  space  science  program  be  what  the  scientific  community 
felt  it  should  be.  It  was  the  firm  conviction  of  NASA  scientists  that  a high- 
qualitv  sc  ience  program  could  be  attained  only  by  supporting  the  research 
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of  top-notch  scientists.  The  agency  proceeded,  therefore,  to  seek  and  to 
heed  the  best  scientific  advice  it  could  get.  In  various  ways  NASA  sought  to 
bring  scientists  intimately  into  the  planning  as  well  as  the  conduct  of  the 
program.  With  NASA  in  the  driver’s  seat,  but  the  scientific  community 
serv  ing  as  navigator,  so  to  speak,  a tugging  and  hauling  developed,  with  a 
mixture  of  tension  and  cooperation  that  is  best  described  as  a love-hate 
relationship. 


Space  Science  Board 

Certainly  “love-hate”  aptly  describes  relations  between  NASA  and  the 
Academy  of  Sciences.  Given  its  role  in  bringing  a space  program  into 
being,  the  Academy  could  claim  the  rights,  if  not  of  a full  patent,  at  least 
of  a godparent.  After  failing  in  its  bid  to  prescribe  the  space  science  pro- 
gram. the  Academy,  through  its  Space  Science  Board,  advised  and  served  as 
watchdog  for  the  scientific  community. 

On  its  part  NASA  strove  to  assimilate  into  its  program  the  recommen* 
dations  of  the  Space  Science  Board.  That  NASA  and  the  Academy  were 
setting  the  same  course  is  plain  from  a comparison  of  the  makeup  of  the 
space  science  program  set  forth  in  NASA’s  work  papers  of  February'  1959 
and  the  book  Science  in  Space , which  the  board  sponsored  and  which  set 
forth  the  areas  of  space  research  that  board  members  considered  promising. s 
Bui  the  scientists  were  impatient  and  more  inclined  to  complain  about 
deficiencies  than  to  acknowledge  what  was  acceptable  in  NASA’s  efforts. 
After  the  first  year  Berkner.  as  chairman  of  the  Space  Science  Board,  felt  it 
necessary  to  direct  his  criticism  to  George  Kistiakowskv.  the  president’s 
science  adviser  (set'  pp.  121.  212).  That  criticism  range'll  over  virtually  all 
aspects  of  the  space  science  program.6  NASA  people  felt  that  Berkner  had 
probably  been  moved  by  Hugh  Odishaw.  executive  director  of  SSB,  to  com- 
plain to  the  president’s  science  adviser  instead  of  directly  to  the  space 
agency.  Odishaw  had  developed  over  the  years  a distrust  of  government 
and  felt  it  incumbent  upon  himself  to  ensure  that  the  Space  Science  Board 
properly  discharged  its  watchdog  function. 

Berkner's  missive  elicited  a response  Lorn  Gicnnan,  which  the  NASA 
administrator  addressed  to  Kistiakowskv,  agreeing  in  general  with  Berkner's 
objectives  but  taking  exception  to  some  of  the  allegations.7  Nevertheless, 
space  science  managers  were  goaded  into  renewed  efforts  to  shape  the  pro- 
gram to  the  satisfaction  of  the  scientific  community.  The  going  was  diffi- 
cult. and  criticism  continued  until  in  June  I960  the  author  felt  impelled  to 
put  out  a workpaper  on  the  subject.6  Specific  criticism  of  NASA  included 
officials’  not  visiting  outside  institutions  enough,  fear  that  the  in-house 
publication  policy  of  NACA  would  be  followed  rather  than  open  publica- 
tion in  the  scientific  journals,  inadequate  involvement  of  the  scientific 
community,  t<x>  much  emphasis  on  projects  and  not  enough  support  to 
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long-range  university  research,  fear  that  NASA  would  release  basic  research 
data  prematurely,  desire  that  NASA  provide  engineering  support  to  univer- 
sity scientists,  a charge  that  NASA  gave  too  much  emphasis  to  vehicles 
(which  in  the  jargon  of  the  day  included  both  launchers  and  spacecraft) 
and  not  enough  to  the  experiments,  concern  that  NASA  scientists,  much 
younger  than  their  professional  colleagues  in  the  universities,  were  not 
sufficiently  seeking  and  heeding  the  advice  of  the  university  scientists. 

The  author’s  paper  outlined  NASA’s  mode  of  working  with  the  scien- 
tific community,  a mode  designed  to  foster  broad  participation  by  the  sci- 
entific community.  The  intent  was  to  work  w*.*i  the  Space  Science  Panel 
of  the  President’s  Science  Advisory*  Committee,  then  chaired  by  E.  M.  Pur- 
cell, and  with  the  Space  Science  Board  under  Berkner.  By  this  time  the 
space  scientists  in  NASA  had  become  ?ware  of  the  extensive  use  NACA  had 
made  of  advisory'  committees,  and  by  way  of  reassurance  to  outside  scien- 
tists reference  was  made  to  this  past  practice.  The  paper  referred  to  the 
creation  of  the  Space  Sciences  Steering  Committee  in  the  Office  of  Space 
Flight  Programs,  with  seven  subcommittees  containing  outside  consultants. 
It  specifically  referred  to  the  list  of  suggested  experiments  sent  to  NASA  by 
the  Space  Science  Board  in  its  first  days;  most  of  those  proposals  had  been 
included  in  the  space  science  program  in  one  form  or  another.  As  to  breadth 
of  contact  with  the  scientific  community,  through  various  channels — PSAC. 
the  Space  Science  Board,  and  NASA’s  own  committees — the  agency  had 
contact  with  about  200  scientists  in  a wide  range  of  disciplines.  Moreover, 
the  author  s paper  staled  it  was  NASA  policy  that  no  more  than  about  20% 
of  the  experiments  in  spaceflight  missions  be  provided  by  NASA  scientists, 
the  remaining  80%  to  be  provided  by  outside  experimenters.  It  was  fell  that 
the  recurring  complaint  that  outside  scientists  did  not  know  what  NASA 
was  planning  stemmed  less  from  an  actual  lack  of  communication  than 
irom  disagreements  over  some  of  NASA’s  dec  isions. 

If  it  did  nothing  else,  the  paper  showed  that  NASA’s  space  science 
managers  were  aware  of  the  criticisms  and  were  working  to  overcome  them. 
In  retrospect  it  can  be  seen  that  NASA’s  people  did  move  steadily  in  the 
direction  of  making  the  space  science  program  a creature  of  the  scientific 
community.  But  it  was  a rocky  road  to  travel  and  for  a long  time  criticism 
outweighed  approbation.  Then  success  brought  its  own  problems.  As  the 
program  began  to  produce  exciting  scientific  results,  interest  in  the  pro- 
gram grew,  generating  a new  difficulty — the  problem  of  the  “ins”  versus 
the  “outs.” 

In  the  fall  of  1961  when  the  Office  of  Space  Sciences  was  formed  at 
NASA  Headquarters,  the  chairman  of  PSAC’s  Space  Science  Panel,  Donald 
F.  Hornig,  wrote  to  Hugh  Dryden  expressing  pleasure  at  the  new  organiza- 
tion, but  at  the  same  time  referring  to  a “crisis  of  confidence  between  NASA 
and  members  of  the  scientific  community  who  participate  in  the  NASA 
program.”9  The  author  responded  to  Hornig ’s  criticism  pointing  out  that 
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growing  interest  in  the  space  science  program  had  outrun  NASA’s  ability 
to  accommodate  within  the  budget  and  the  flight  program  all  the  good  ex* 
periments  that  were  being  proposed  and  expressing  the  hope  that  the  prob- 
lent  of  limited  flight  space  would  soon  be  relieved  w'ith  the  appearance  of 
observatory' -class  satellites.10 

This  difficulty  was  exacerbated  by  the  fact  that  an  experimenter  in  the 
NASA  program  usually  had  in  mind  an  investigation,  not  just  a single 
experiment.  No  sooner  were  the  returns  from  one  experiment  in,  than  the 
experimenter  was  back  with  a follow-up  proposal  that  was  necessary  to 
make  the  most  of  the  experiment  he  had  just  completed.  It  made  good 
scientific  sense  for  the  scientists  on  the  advisory  subcommittees  to  support 
such  requests.  In  addition,  there  was  a natural  tendency  for  NASA  to  reap- 
point to  these  subcommittees  those  who  had  worked  hard  and  had  acquired 
a ready  familiarity  with  the  problems  of  planning  and  funding  space  sci- 
ence experiments.  Thus,  to  those  not  yet  in  the  program,  the  setup  looked 
\ tv  much  like  a closed  corporation. 

ft  was  in  this  climate  that  NASA  asked  the  Space  Science  Board  to 
conduct  the  first  of  what  became  a continuing  series  of  summer  studies  of 
the  NASA  space  program  (app.  G).  The  first  study,  at  the  State  University 
of  Iowa  17  June  to  31  July  1962,  essaved  a comprehensive  review  of  the 
entire  NASA  space  science  program,  including  some  side  glances  at  what 
the  Department  of  Defense  was  doing  or  might  do  in  space  science.11  The 
opportunity  for  the  scientists  to  lay  their  various  concerns  not  only  before 
NASA  officials  but  also  before  their  scientific  peers  served  to  clear  the  air. 
When  the  smoke  of  battle  settled,  it  appeared  that  the  scientists  approved  of 
much  of  what  NASA  had  been  doing,  but  urged  more  attention  to  prob- 
lems of  a kind  that  continued  to  be  a worry  throughout  the  years.  A fewf 
examples  will  illustrate. 

NASA  leadership.  Abe  Silverstein  especially,  had  favored  the  develop- 
ment of  large,  observatory-class  spacecraft.  As  Silverstein  pointed  out,  the 
large-capacity  spacecraft  would  permit  a comparative  study  of  many  differ- 
ent quantities  by  measuring  them  simultaneously  to  seek  relationships 
among  them.  Also,  Silverstein  thought  that  the  larger  spacecraft  would 
probably  give  more  science  per  dollar  than  the  smaller  ones  (years  later  he 
expressed  some  doubt  about  this  latter  point).12  But  the  scientists  preferred 
small  spacecraft  (p.  H9).  Early  in  the  summer  study  Herbert  Friedman  of 
the  Naval  Research  Laboratory  brought  up  this  issue,  stating  that  NASA’s 
Orbiting  Solar  Observatory  was  more  complicated  than  necessary  for  a 
number  of  scientific  needs,  such  as  the  continuous  monitoring  of  the  sun. 
Also,  more  effort  should  go  into  providing  cheaper,  capable  sounding 
rockets,  which  would  be  of  great  use  in  university  research.  Subsequently 
the  Naval  Research  Laboratory  developed  and  used  to  good  advantage  the 
Solrad,  a smaller,  simpler  satellite  than  the  Orbiting  Solar  Observatory. 
Also,  with  NASA  support  Van  Allen’s  group  at  the  State  University  of 
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Iowa  built  and  used  a small  Explorer-class  satellite,  wliich  they  called 
Injun,  for  studies  of  the  radiation  belt  and  the  i urora. 

The  astronomers  supported  Friedman  in  '.he  bid  for  small  satellites. 
But  they  also  urged  use  of  Orbiting  Solar  Observatories  for  many  years  to 
come  and,  looking  beyond  OSO,  pointed  to  the  future  need  for  a more 
advanced  observatory  capable  of  obtaining  resolutions  of  one  arc  second. 
The  astronomers  provided  an  interesting  insight  into  the  complex  psy- 
chology that  entered  into  relations  between  NASA  and  the  scientists.  While 
endorsing  NASA’s  astronomy  program,  they  nevertheless  were  uneasy  about 
their  own  roles  in  the  program.  As  Martin  Schwarzschild,  professor  of  as- 
tronomy at  Princeton,  confided  to  the  author  and  some  of  his  colleagues, 
the  astronomers  found  it  distasteful  that  NASA,  not  they,  should  be  mak- 
ing ihe  decisions.  He  added  that  the  astronomers  found  it  doubly  infuriat- 
ing—and  infuriating  was  the  word  he  used— that  NASA  managers  ap- 
peared to  be  making  the  right  decisions. 

In  his  instructions  to  the  summer  study  working  groups,  Berkner  told 
the  participants  to  concentrate  on  maximizing  the  science  in  the  space  pro- 
gram. He  pointed  out  that  the  question  of  whether  there  should  be  a space 
program,  or  a space  science  program,  was  not  an  issue  for  them  to  debate — 
those  questions  had  already  been  decided  by  the  country’.  Vet  the  partici- 
pants found  it  impossible  to  stay  away  from  such  matters,  particularly 
when  it  came  to  manned  spaceflight.  Many  expressed  disapproval  of  the 
manned  program,  along  with  the  wish  that  the  monies  going  to  Apollo 
might  be  diverted  to  space  science.  Some  expressed  concern  that  not  only 
was  Apollo  going  to  proceed  but  that  NASA  would  even  seek  to  justify  the 
program  on  the  basis  of  science,  and  this  the  scientists  strongly  objected  to. 

In  a lengthy  and  lively  exchange,  the  author  and  his  colleagues  sought 
to  direct  the  discussion  into  the  channels  indicated  by  Berkner.  Study  mem- 
bers were  urged  to  recognize  that  the  Apollo  program  would  be  carried  out, 
that  it  concerned  important  national  objectives  other  than  science,  a major 
one  of  which  was  the  development  of  a strong  national  capability  to  oper- 
ate with  men  in  space.  Since  Apollo  was  going  to  be  done,  it  behooved  the 
scientists  to  take  advantage  of  the  opportunity  before  them  and  to  help 
ensure  that  the  science  done  in  Apollo  was  the  best  possible.  The  Space 
Science  Board  had.  after  a lengthy  discussion  at  its  10-11  February  1961 
meeting,  adopted  a formal  position  supporting  man  in  space,  which  posi- 
tion was  communicated  to  the  government  on  SI  March.  Following  Presi- 
dent Kennedy's  announcement  of  the  Apollo  program,  the  National  Aca- 
demy of  Sciences  had  issued  a release  for  7 August  1961  in  which  it  was 
stated  that  the  Space  Science  Board  had  "recommended  that  scientific  ex- 
ploration of  the  Moon  and  planets  should  be  clearly  stated  as  the  ultimate 
objective  of  the  T.S.  space  program  for  the  foreseeable  future.  . . . From  a 
scientific  standpoint  there  seems  little  room  for  dissent  that  man's  partici- 
pation in  the  exploration  of  the  Moon  and  planets  will  be  essential.  . . ." 
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In  keeping  with  this  position,  at  the  closing  plenary  session  of  the  summer 
study,  31  July  1962,  Berkner  stated  that  man  in  space  was  a good  thing  and 
that  exploration  was  science.15 

But  the  debate  went  on  many  years  thereafter,  furnishing  one  of  many 
examples  that  the  scientific  community  is  not  of  one  mind,  and  that  the 
Space  Science  Board  did  not  necessarily  speak  for  the  community  in  some 
of  its  recommendations.  Among  others,  Philip  Abelson,  distinguished 
chemist  who  during  World  War  II  had  devised  one  of  the  methods  for 
separating  uranium  isotopes,  continued  the  battle  against  the  Apollo  pro- 
gram. Abelson  urged  that  much  more  of  value  could  be  achieved  by  devot- 
ing to  unmanned  space  science  only  a small  fraction  of  the  monies  going 
into  Apollo.  As  former  editor  of  the  Journal  of  Geophysical  Research  and 
editor  of  Science,  Abelson  had  a ready  outlet  for  his  view's.  At  one  point  he 
polled  some  200  scientists,  asserting  that  the  results  gave  overwhelming 
support  for  his  position.14  The  Christian  Science  Monitor  in  April  1965 
devoted  a page  to  the  space  program,  in  which  Abelson  attacked  the  manned 
program  as  not  worth  the  cost  and  effort,  while  the  author  argued  fpr  a 
balanced  program  of  both  unmanned  and  manned  missions.15  The  issue 
was,  of  course,  not  settled  by  argument,  but  by  the  final  successful  accom- 
plishment of  the  Apollo  missions. 

Although  the  debate  over  Apollo  was  not  ended  at  the  summer  study, 
some  recommendations  were  made.  Perhaps  the  most  significant  was  that 
scientist-astronauts  should  be  included  in  the  program.  The  group  also 
recommended  that  a scientist-astronaut  be  included  on  the  first  landing 
mission  to  the  moon  and  that  NASA  create  an  institute  for  the  training  of 
scientist-astronauts  to  be  administered  by  a university,  or  if  not  by  a uni- 
versity by  that  part  of  NASA  responsible  for  the  space  science  program. 
The  latter  recommendations  did  not  have  the  slightest  chance  of  being 
accepted  by  NASA,  but  in  time  the  agency  did  select  scientist-astronauts. 

In  October  1964  a NASA  press  release  announced  the  recruitment  of 
scientist-astronauts  for  future  manned  flights.  The  more  than  1000  applica- 
tions received  by  NASA  settled  emphatically  the  question  of  whether  any 
scientists  were  seriously  interested  in  the  manned  spaceflight  program.  A 
preliminary  screening  reduced  these  to  about  400  applications,  which 
NASA  then  sent  to  the  National  Academy  of  Sciences.  From  these  a special 
Academy  committee  chose,  on  the  basis  of  scientific  potential,  16  nominees 
to  recommend  to  NASA.  Of  these,  NASA  selected  6.  In  the  fall  of  1966, 
NASA  and  the  Academy  of  Sciences  announced  that  more  scientist-astro- 
nauts would  he  chosen.  Following  a process  similar  to  that  of  the  first 
selection,  NASA  chose  11  scientist-astronaut  candidates  from  almost  1000 
applicants.16 

The  new  astronaut  trainees  started  out  with  great  optimism  and  hopes 
for  the  future  of  manned  science  in  space.  But  they  soon  ran  into  difficul- 
ties that  put  another  strain  on  NASA’s  ties  to  the  scientific  community:  the 
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Johnson  Space  Center  was  not  particularly  enthusiastic  about  having 
scientist-astronauts  in  the  program.  The  center  certainly  had  not  wanted 
the  second  batch,  which  overstaffed  the  center  in  scientist-astronauts,  con- 
sidering the  probable  number  of  manned  space  science  missions.  As  the 
Apollo  lunar  landings  approached  and  as  plans  were  being  developed  for 
the  Skylab  space  station  missions,  scientists  increased  their  pressure  on 
NASA  to  include  scientist-astronauts  on  the  missions.  The  Johnson  Center 
resisted.  Considering  the  newness  and  danger  of  the  missions  the  center, 
out  of  a conviction  that  only  astronauts  with  extensive  test  pilot  training 
and  experience  could  safely  fly  the  spacecraft,  was  unwilling  to  consider 
the  scientist-astronauts  for  any  of  the  early  missions.  Even  after  the  first 
successful  landings  on  the  moon,  the  scientists  continued  to  have  difficulty 
securing  berths  on  flights.  Discouraged  and  in  protest,  some  resigned  from 
the  program.  In  a series  of  frank  discussions  with  the  author,  these  men 
described  their  frustrations,  expressing  the  hope  that  something  could  be 
done  to  improve  their  lot  in  the  program.17  With  continuing  pressure  from 
the  Academy  and  with  strong  support  from  Deputy  Administrator  George 
Low,  a few  scientist-astronauts  at  long  last  did  fly.  geologist  Harrison 
Schmitt  on  Apoilo  17  and  one  scientist-astronaut  on  each  of  the  manned 
Skylab  flights.  Their  experience  in  the  Apollo  and  Skylab  programs,  how- 
ever, emphasized  the  need  for  NASA  managers  to  give  careful  thought  to 
how  manned  space  science  would  be  accomplished  in  the  1980s  with  the 
Space  Shuttle.18 

The  1962  summer  study  surfaced  a number  of  problems  that  recurred 
in  one  form  or  another  over  the  years.  One  of  these  concerned  space  biology 
and  medicine.  Although  there  were  recommendations  for  a life  sciences 
program,  interest  was  spotty,  with  considerable  disbelief  that  much  of  real 
value  for  biology  could  be  expected.  Nevertheless,  somew  hat  inconsistently, 
the  life  scientists  made  two  recommendations  that  they  continued  to  press 
for  the  next  decade.  One  was  that  life  sciences  be  elevated  to  a high  level  in 
the  NASA  organization.  Scientists  suggested  that  NASA  might  invite  a 
respected  person  from  the  life  sciences  community  to  spend  a quarter  or  a 
half  year  reviewing  the  setup  within  NASA  and  make  recommendations. 
The  hope  was  that  this  might  lead  to  NASA’s  creating  a life  sciences  direc- 
torship reporting  to  the  administrator. 

The  second  recommendation  had  to  do  with  the  selection  of  research 
for  NASA  to  support.  Accustomed  to  the  peer  review'  panels  of  the  study 
sections  of  the  National  Institutes  of  Health,  the  life  scientists  recommended 
that  NASA  adopt  such  a procedure.  The  issue  of  how  to  work  with  the  life 
sciences  community  and  where  to  locate  the  program  within  the  NASA 
organization  burned  for  years.  These  topics  are  pursued  in  chapter  16. 

Of  prime  concern  to  many  of  the  summer  study  participants  was 
NASA’s  relationship  to  the  universities.  James  Van  Allen,  chairman  of  the 
summer  study,  had  assembled  an  Ad  Hoc  Committee  on  NASA- University 
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Relationships,  a draft  report  of  which  was  presented  during  the  Iov/a  City 
study.19  “The  Committee  was  unanimous  in  its  favorable  general  impres- 
sion of  the  NASA  program.  ...  It  was  . . . impressed  by  NASA’s  intention 
to  perform  its  mission  in  such  a manner  as  to  strengthen  existing  uni- 
versities. . . .”  At  the  summer  study  the  discussion  ranged  widely  without 
always  yielding  specific  answers  to  problems.  NASA’s  Space  Sciences  Steer- 
ing Committee  and  its  subcommittees  came  in  for  a great  deal  of  comment. 
Van  Allen  felt  that  the  process  of  reviewing  experiment  proposals  in  the 
subcommittees,  which  required  the  experimenter  to  be  more  specific  well 
in  advance  of  performing  his  experiment  ihan  perhaps  he  could  be,  tended 
to  erode  the  independent  way  in  which  the  scientist  worked.  Others  felt 
that  the  system  had  developed  a group  of  ins  and  outs,  although  Van  Allen 
didn’t  think  so.  In  this  connection  the  question  arose  again  as  to  whether 
NASA  centers  should  be  participants  in  the  actual  science  or  only  be  service 
centers  to  the  rest  of  the  scientific  community.  In-house  versus  outside  re- 
view and  evaluation  of  proposals  kept  coming  up,  with  the  life  scientists 
pushing  for  outside  peer  review  groups.  There  resulted  a rather  confused 
recommendation  to  NASA  to  consider  modifying  its  method  of  proposal 
review  and  experiment  selection.  Many  people  did  not  favor  NASA  post- 
doctoral fellowships,  but  both  Fred  Seitz,  president  of  the  Academy,  and 
Berkner  strongly  supported  them.  Industry  wanted  more  support  for  its 
space  scientists,  bur  the  university  scientists  thought  that  this  was  a bad 
idea,  since  the  higher  industry  Varies  would  draw  researchers  away  from 
teaching  posts. 

All  in  all  on  the  university  question  ( is  considered  further  in 

the  next  chapter)  NASA  came  out  in  the  best  possible  position.  With  a 
general  agreement  as  to  the  soundness  of  NASA’s  approach  and  a diversity 
of  views  on  many  of  the  specifics,  NASA  could  find  ample  support  tor  a 
variety  of  courses  the  agency  might  wish  to  follow. 

Once  initiated  to  the  ways  of  summer  studies,  NASA  space  science 
managers  found  them  a useful  device  for  examining  many  kinds  of  prob- 
lems. Through  the  years  NASA  sponsored  a considerable  number  of  studies, 
some  of  them  narrowly  directed,  others  of  broad  scope.  Fo  many  years  the 
studies  were  concerned  primarily  with  the  content  of  the  NASA  program — 
what  fields  to  support,  which  problems  to  attack,  and  sometimes  which 
experimenters  to  support.  The  recommendations  to  NASA  amounted  to  a 
list  of  good  things  to  do,  but  when  not  all  of  them  could  be  funded  it  was 
NASA’s  task  to  make  the  choices — as  NASA  had  insisted  in  the  first  place. 

But  NASA  people  began  to  feel  that  it  would  be  helpful  if  scientists 
would  furnish  additional  advice  as  to  priorities  to  observe  in  choosing 
among  different  researches  when  all  were  intrinsically  desirable.  In  the 
summer  study  conducted  by  die  Space  Science  Board  at  Woods  Hole,  Mas- 
sachusetts, during  July  1965,  NASA  spokesr  en  urged  the  participants  to 
face  up  to  the  question  of  priorities,  with  little  real  success.20  While  sc i- 
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enlists  were  willing  to  establish  some  order  of  preference  within  a single 
discipline,  they  shied  away  from  doing  anything  of  the  son  for  a mixture 
of  disciplines. 

Not  until  the  summer  study  of  1970,  also  at  Wood  $ Hole,  which  was 
devoted  specifically  to  the  question  of  priorities,  did  a genuine  effort  emerge 
on  the  part  of  the  scientists  to  face  up  to  the  frustrations  of  making  almost 
impossible  choices.21  The  study  group  did  an  excellent  job.  but  not  w ith- 
out generating  serious  strains  within  the  community.  By  choosing  to  ease 
off  on  magnet ospheric  and  fields  and  panicles  research  in  favor  of  plan- 
etary research,  it  alienated  the  affections  of  the  fields  and  panicles  workers. 
By  emphasizing  high-energy  astronomy  in  preference  to  classical  optical 
astronomy  and  solar  physics,  it  created  more  dissidents.  In  the  planetary 
field  itself,  which  the  group  strongly  supponed.  panici pants  came  close  to 
reversing  the  support  of  earlier  years  given  to  the  Viking  project,  because 
its  costs  were  proving  to  be  much  greater  than  expected  and  were  threat- 
ening other  projects  considered  more  desirable.  NASA  participants  strove 
mightily  during  these  discussions  tc  bring  home  the  disastrous  conse- 
quences of  withdraw  ing  an  endorsement  of  a project  already  well  under 
way— largely  because  of  their  earlier  endorsement— and  on  which  a great 
deal  of  money  had  already  been  spent.  NASA's  concern  w*as  heightened  by 
the  fact  that  Congressman  karth  himself  was  questioning  Viking  and 
show  ing  signs  of  being  willing  to  recommend  canceling  ir  In  the  end  the 
study  participants  agreed  with  NASA  managers  on  this  issue,  but  there  can 
be  little  doubt  that  free  of  such  concerns  they  would  have  scrapped  Viking 
in  favor  of  smaller  missions  such  as  Pioneers  to  Venus. 

The  association  between  NASA  and  the  Space  Science  Board  endured. 
Yet  at  times  relations  were  precarious.  The  complacent  assumption  of  the 
superiority  of  academic  science,  the  presumption  of  a natural  right  to  be 
supported  in  their  researches,  the  instant  readiness  to  criticize,  and  the 
disdain  which  many  if  not  most  of  the  scientists  accorded  the  government 
manager,  particularly  the  scientist  manager,  were  hard  to  stomach  at  limes. 
When  Lloy  i Berkner  undertook  in  person  to  lay  before  NASA's  first  ad- 
ministrator some  of  th?  criticisms  and  demands  of  the  Space  Science  Board, 
Glennan  could  not  rerfr^n  an  outburst  of  indignation  at  the  arrogant  pre- 
sumptuousness  of  the  »entists.  His  vexation  was  shared  by  Silverstein. 
v.  ho  from  time  to  lime  cautioned  NASA’s  space  scientists  to  guard  against 
losing  control  of  their  destiny,  a danger  that  Silverstein  felt  was  being  fos- 
tered bv  drawing  outside  scientists  too  intimately  into  the  planning  process. 

Especially  trustrating  was  the  apparent  unwillingness,  or  pe~haps 
inability,  of  outside  scientists  to  appreciate  the  problems  w ith  which  NASA 
scientists  had  <o  wrestle.  The  complex  array  of  emotions  was  best  illustrated 
in  Harold  Lrey.  Nobel  Laureate,  enthusiastic  supporter  of  the  space  pro- 
gram and  severe  critic  of  NASA.  Periodically  I re  would  burst  forth — in 
the  Space  Scienc?  Board,  on  the  scientific  platform,  and  in  the  press — with 
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a sweeping  polemic  against  the  agency's  handling  of  space  science.  Urey's 
most  persistent  complaint  concerned  NASA  staffing.  In  May  1963  he  wrote 
to  the  author  to  discuss  remarks  he  had  been  making  in  the  press  about 
incompetence  of  NASA  staffing  in  science*  in  particular  lunar  and  planetary 
science.22  Urey  urged  the  author  to  drive  out  the  second-raters  from  NASA 
and  replace  them  with  older*  more  experienced  men  who  could  give  proper 
advice.  He  stated  that  he  had  talked  about  this  matter  writh  people  from 
Washington,  Pittsburgh*  Chicago,  Pasadena*  and  Los  Angeles  and  regu- 
larly got  the  view  that  NASA  people  are  second-rate  by  and  large.  Two 
years  later*  after  taking  violent  exception  to  a paper  presented  at  a space 
science  symposium  held  by  the  Committee  on  Space  Research  at  Mar  del 
Plata,  Argentina,  Urey  protested  to  the  National  Science  Foundation  and 
NASA.  Since  the  objectionable  paper  had  been  given  by  a university  sci- 
entist whose  researches  were  supported  by  NASA,  Urey  wrote  that  “a  serious 
consideration  of  personnel  connected  with  the  entire  NASA  program  is  in 
order.’"25 

With  regard  to  the  outside  scientists,  whose  research  proposals  had  been 
reviewed  and  endorsed  to  NASA  by  experts  in  the  field,  Urey  did  not  always 
seem  willing  to  let  the  scientific  process  weed  out  those  who  were  on  the 
wrong  track.  As  to  NASA  staffing.  NASA  people  saw  in  the  complaints  of 
Urey  and  others  a lack  of  understanding  of  what  was  involved  in  managing 
the  space  science  program.  Undeniably  most  of  the  managers  in  NASA 
Headquarters  were  not  the  top-notch  scientists  whom  the  critics  said  they 
would  like  to  see  there.  But  repeated  efforts  throughout  the  years  to  lure 
working  scientists  into  NASA  management  only  occasionally  bore  fruit.  In 
spite  of  the  enticement  of  top  positions  in  the  program,  none  of  the  senior 
“establishment"  came.  The  administrative  burden  at  headquarters  was  fear- 
ful. and  the  climate  such  as  to  devour  whatever  scientific  and  research  com- 
petence an  expert  might  bring  with  him,  affording  little  opportunity  for 
replenishment.  Those  experts  most  needed  to  help  direct  the  evolving  space 
science  program  were  reluctant,  especially  in  an  era  when  university  salaries 
were  rapidly  catching  up  with  those  of  industry  and  government,  to  ex- 
rhange  the  advantages  of  academia — their  students  and  the  independence 
to  follow  personal  research  interests — for  a never-ending  round  of  head- 
aches plus  an  ambience  that  w~.s  bound  in  time  to  destroy  the  very  compe- 
tence for  which  they  were  sought  out  in  the  first  place.  To  continue  a 
scientific  career  in  NASA  one  had  to  work  in  me  centers. 

Those  scientists  who  did  come  to  headquarters  became  resigned  to  a 
vicarious  enjoyment  of  the  research  achievements  of  the  program.  Their 
personal  satisfaction  came  from  having  contributed  in  an  absolutely  essen- 
tial way  to  the  program,  and  thus  to  the  advancement  of  science.  That,  and 
the  excitement  of  being  at  the  center  of  action  in  one  of  the  greatest  of 
human  dramas,  was  their  reward. 

The  incessant  criticism  and  insatiable  appetites  of  the  scientists  put  a 
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severe  strain  on  the  tie  between  NASA  and  the  Space  Science  Board.  At 
times  dining  the  first  years  it  seemed  to  the  author  as  though,  at  the  top 
management  levels,  only  Hugh  Drydcn.  Arnold  Frutkin  (head  of  the  Inter- 
national Programs  Office),  and  the  author  favored  keeping  the  association. 
The  rest  of  NASA  seemed  willing  to  cut  the  Space  Science  Board  adrift, 
and  to  rely  on  N AS A-spon$ored  committees  for  outside  advice. 

But  the  tie  became  stronger  as  time  went  by,  particularly  when  the 
second  chairman  of  the  Space  Science  Board,  Harry  Hess,  took  over  from 
Berkner.  Hess,  professor  of  geology  at  Princeton  and  originator  of  the 
revolutionary  new  concept  of  sea-floor  spreading,  bought  with  him  from 
years  in  the  Navy  and  working  with  the  government  a better  appreciation 
of  what  agencies  like  NASA  needed  in  the  way  of  support  from  its  ad- 
visers. Hess  fostered  a polio  of  not  just  tossing  lists  of  recommendations  at 
NASA  and  then  leaving  the  agency  to  its  own  devices,  but  rather  of  assisting 
to  realize  the  desired  objectives.  When  Hess  took  over,  the  Executive  Com- 
mittee of  SSB  began  to  meet  monthly  with  NASA  representatives  to  provide 
more  continuing  assistance  to  the  space  science  program.  When  Hess  died 
in  1969.  his  successor.  Nobel  Laureate  Charles  Townes,  continued  the 
polio  of  working  personally  with  NASA  to  accomplish  SSB  recommenda- 
tions. 

But  in  the  early  1970s  the  Academy  of  Sciences  began  to  show  great 
concern  over  questions  of  conflict  of  interest  and  potential  charges  of  being 
captive  to  those  it  advised.  Thus,  when  a new  chairman  was  needed  for  the 
Space  Science  Board,  instead  of  consulting  with  NASA  on  possible  chokes 
as  had  been  the  custom,  the  Academy  unilaterally— as  it  had  even'  right  to 
do — selected  a candidate.  James  Fletcher,  the  fourth  NASA  administrator, 
had  doubts  about  the  choice — doubts  that  were  sham!  by  the  author — since 
the  proposed  chairman  had  previously  shown  little  evidence  of  giving 
thought  to  the  negative  effect  that  his  outspoken  criticism  of  various  space 
science  projects  could  have  on  NASA's  efforts  to  defend  its  budget  on  the 
Hill.  NASA  objected  to  the  choice;  the  Academy  stood  firm;  and  Fletcher 
gave  serious  thought  to  withdrawing  NASA's  financial  support  from  the 
board  and  relying  on  NASA’s  own  committees  for  advice.  In  the  end  NASA 
fortunately  did  not  sever  the  relationship  with  the  board,  and  the  new' 
chairman  did  an  excellent  job.  Perhaps  NASA's  expressed  concerns  stimu- 
lated the  Academy  to  special  efforts  to  prove  that  NASA  was  wrong. 


NASA’s  Advisory  G>mmi  itees 

Next  to  being  personally  involved  in  space  research,  the  best  wav  of 
keeping  close  to  the  space  science  program  was  to  serve  on  one  of  the  NASA 
advisory  committees.  In  fact,  a prime  motivation  in  the  creation  erf  in-house 
advisory  groups,  in  addition  to  securing  the  advice  of  knowledgeable  sci- 

2M 


Who  Decides? 


enlists,  was  to  cement  relations  with  the  outside  scientific  community.  After 
muddling  along  for  a year  with  the  several  working  groups  established  in 
early  1959,  NASA  put  together  the  more  systematized  Space  Sciences  Steer- 
ing Committee  and  subcommittees.24 

In  doing  this  the  intention  was  not  to  undercut  the  role  of  the  Space 
Science  Board,  but  NASA  managers  felt  the  need  for  more  frequent  and 
intimate  advice  than  could  be  expected  from  the  board.  Moreover,  some 
operational  tasks,  such  as  assisting  in  the  selection  of  experiments  and  ex- 
perimenters. were  not  appropriate  for  a non-NASA  group.  Still,  board 
members  felt  at  first  that  NASA  was  weakening  the  ties  to  the  Space  Science 
Board  and  for  a while  questioned  the  need  for  the  NASA  subcommittees. 
To  counter  the  disquiet.  NASA  management  invited  the  boa«d  to  name 
liaison  representatives  to  attend  and  participate  in  the  discussions  of  the 
subcommittees.  Similarly  by  invitation  from  the  Academy.  NASA  observers 
attended  meetings  of  the  board's  committees,  while  Hugh  Dry  den  and  the 
author  had  a standing  invitation  to  be  with  the  board  at  its  sessions. 

Once  under  way  the  subcommittees  began  to  develop  a systematic 
approach  to  advising  NASA  on  its  planning,  and  particularly  on  the  choice 
of  experiments  and  experimenters  for  flight  missions.  For  the  flights,  for- 
mal criteria  were  established  and  over  the  next  few  years  refined  from 
experience.25  Through  appropriate  announcements,  which  later  in  the 
decade  became  quite  formalized.  NASA  informed  the  scientific  community 
of  the  existence  of  flight  projects  for  which  experiments  were  needed.25 
When  proposals  for  experiments  to  go  on  these  flights  came  in.  they  were 
reviewed  by  the  appropriate  subcommtttees. 

The  NASA  subcommittees  sorted  the  proposals  into  four  different 
categories.  At  the  top  went  the  proposals  of  outstanding  merit,  well  con- 
ceived. addressing  a critical  problem  of  space  science,  and  likely  to  yield 
significant  new*  information.  Proposals  which  were  good,  but  not  outstand- 
ing, were  assigned  to  category  2.  Category  4 experiments  were  those  that 
the  group  advised  NASA  to  reject  as  either  unsuitable  for  spaceflight  or 
incompetent.  The  third  category  was  special,  reserved  for  proposals  that 
the  subcommittees  judged  to  be  potentially  of  category  1 quality,  but  which 
needed  a great  deal  of  work  before  the  experiments  could  be  assigned  space 
on  a flight. 

In  rating  the  proposals  the  subcommittees  were  asked  to  consider  a 
number  of  points: 

• The  originality  and  validity  of  the  experiment; 

• The  importance  of  the  problem  addressed  bv  the  experiment; 

• The  suitability  of  the  experiment  (or  a space  mission,  with  an  eve  to 
eliminating  experiments  that  could  better  be  done  bv  other  means; 


Bt  VOND  im  A i MOSPIIKRb 


• The  competence  of  the  experimenter  and  his  group; 

• The  ability  and  willingness  erf  the  proposer’s  own  organization— uni- 
versity* research  institute*  government  laboratory*  or  industrial  estab- 
lishment—to  provide  the  experimenter  with  the  support  he  would  need 
above  what  would  be  furnished  by  NASA. 

Once  the  subcommittees  had  completed  their  ratings,  the  proposals 
were  further  reviewed  by  the  NASA  divisions  and  center  project  people  to 
consider  whether  the  spacecraft  to  be  used  could  house  the  experiments 
and  provide  the  necessary  power*  telemetering,  orientation,  or  other  special 
requirements.  The  ability  of  an  experiment  to  fit  into  the  spacecraft  along 
with  other  experiments  without  undue  interference  had  to  be  determined. 
After  this  engineering  review,  the  division  responsible  sent  its  recommen- 
dations to  the  Space  Sciences  Steering  Committee — later  the  Space  Science 
and  Applications  Steering  Committee — where  the  recommendations  from 
the  subcommittees  and  those  of  the  division  were  compared.  Then  the 
steering  committee  sent  its  recommendations  to  the  Associate  Administrator 
for  Space  Science  and  Applications  for  final  approval. 

NASA  customarily  flew  only  category  1 experiments,  a policy  intended 
to  maintain  high  quality  in  the  space  science  program.  Moreover,  flying 
only  experiments  that  respected  members  of  the  science  community  had 
jtidged  to  be  outstanding  blunted  possible  criticism.  With  an  eye  to  the 
future.  NASA  often  funded  the  research  and  development  needed  to  raise  a 
category  3 experiment  to  category  1 . 

NASA  received  a great  deal  of  help  from  the  discipline  subcommittees* 
and  the  outside  scientists  seemed  to  appreciate  the  importance  of  what  they 
were  doing  for  space  science.  But.  since  much  of  the  time  of  the  meetings 
was  taken  up  in  evaluating  proposals,  there  was  a lot  of  drudgery  , and 
little  time  was  left  for  stepping  back  and  viewing  the  whole  program  in 
perspective.  Tnder  the  routine  the  consultants  became  restive  and  ques- 
tioned how  much  they  were  influencing  the  overall  planning  of  the  space 
science  program.  In  contrast,  many  not  on  the  subcommittees  felt  that  these 
groups  were  having  too  much  influence.  Since  most  subcommittee  mem- 
bers were  also  participants  in  some  of  the  projects  on  which  the  subcom- 
mittees made  recommendations,  it  was  felt  that  there  was  too  much  occasion 
for  conflict  of  interest.  NASA  procedures  for  guarding  against  such  con- 
flicts of  interest*  such  as  asking  a consultant  to  leave  a meeting  at  which 
his  proposals  or  those  of  a colleague  were  discussed,  did  not  pm  the  con- 
cerns to  rest. 

The  growing  dissatisfaction  of  NASA’s  advisers  with  theit  role,  con- 
tinuing concern  over  conflicts  of  interest*  the  increasing  pace  and  scope  of 
the  space  sc  ience  program  under  Webb's  administration,  and  the  expand- 
ing involvement  of  the  universities  with  NASA,  led  to  the  conviction  that 
some  c hanges  were  in  order.  Once  more  it  appeared  wise  to  secure  outside 
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advice,  and  in  early  January  1966  Administrator  Webb  wrote  to  Norman 
Ramsey,  professor  of  physics  at  Harvard  University,  asking  if  he  would 
chair  an  ad  hoc  advisory  committee  for  NASA.17  Among  the  questions  on 
which  NASA  would  appreciate  having  advice,  Webb  listed:  how  to  organise 
major  projects  so  that  scientists  and  engineers  could  participate  effectively; 
how  to  make  it  possible  for  academics  to  take  part  without  damage  to  their 
academic  careers  (e.g.,  how  an  academic  scientist  could  devote  six  to  eight 
years  helping  to  create  an  advanced  biological  laboratory  or  a large  astro- 
nomical facility  in  space  and  still  continue  his  academic  career):  what 
mechanisms  to  use  for  picking  scientific  investigations  for  the  space  science 
program;  whether  the  orientation  of  some  NASA  centers  should  be  changed; 
and  how  to  improve  the  scientific  staffing  of  the  program. 

Ramsey  accepted,  and  the  committee  was  formally  established  in  Feb- 
ruary. Its  task  was  different  from  that  of  former  advisory  groups,  which 
had  dealt  primarily,  though  not  entirely,  with  the  content  of  the  NASA 
program.  This  new  committee  was  asked  to  advise  not  on  what  science  to 
do,  but  on  how  to  conduct  the  program.  After  numerous  sessions  both  in 
Washington  and  elsewhere,  in  which  the  author  and  some  of  his  colleagues 
had  the  benefit  of  hearing  thorough  discussions  of  Webb's  questions  and 
more,  the  committee  submitted  recommendations  concerning  advisory  com- 
mittees. NASA-sponsored  research  institutes,  and  relations  with  the  univer- 
sities and  the  scientific  community.28  Some  of  the  recommendations  NASA 
accepted,  some  not.  Nevertheless,  the  agency  felt  that  the  value  derived  had 
been  such  that  the  committee,  even  though  initially  ad  hoc,  should  be 
continued.  Roger  Heyns.  chancellor  of  the  University  of  California  at 
Berkeley,  succeeded  Ramsey  as  chairman. 

The  most  far-reaching  of  the  recommendations  that  NASA  did  not 
accept  was  the  creation  of  a general  advisory  committee — not  purely  scien- 
tific— for  the  administrator.  Years  before,  the  first  administrator.  T.  Keith 
Glennan.  had  "strongly  desired  a broadly  based  General  Advisory  Commit- 
tee— a consultative  group  analogous  to  a corporate  Board  of  Directors  in 
place  of  the  Space  Council  chaired  in  those  days  by  President  Eisenhower, 
who  did  not  want  the  Space  Council  to  be  active."2*  1 he  ad  hoc  committee 
was  convinced  that  NASA  should  have  a general  advisors  committee  and 
that  such  a committee  would  go  a king  way  toward  cementing  relations 
between  NASA  and  the  outside  community.  But  Webb  was  even  more  con- 
vinced that  NASA  should  not  set  up  a general  advisory  committee,  which 
he  averred  would  compromise  the  administrator's  freedom  of  ac  tion.  Such 
compromise  could  only  be  detrimental  to  the  management  of  a hard- 
hitting, fast-paced  program  like  NASA’s.  On  the  other  hand,  the  continua- 
tion of  the  Ramses  committee  under  Heyns  was  a partial  accommodation 
to  the  committee's  views. 

Among  the  recommendations  that  NASA  did  accept  were  two  of  con- 
siderable importance:  modification  of  the  agency's  advisors  structure  and 
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creation  of  a lunar  science  institute  in  Houston,  adjacent  to  the  Johnson 
Space  Center.  It  is  the  former  that  is  of  concern  here. 

Even  as  the  Ramsey  committee  deliberations  were  in  progress,  NASA 
was  taking  steps  to  create  two  broadly  interdisciplinary  advisory'  groups: 
the  Lunar  and  Planetary'  Missions  Board  and  the  Astronomy  Missions 
Board.  **  The  strongest  motivation  in  setting  up  the  boards  was  to  provide 
consultants  with  a forum  in  which  they  could  view  the  NASA  program  in 
the  perspective  they  had  missed  in  the  discipline  subcommittees.  Advice 
from  such  interdisciplinary'  boards  wa*  expected  to  help  produce  a more 
coherent,  better  integrated  space  science  program.  Because  of  the  scope  of 
each  board's  purview,  panels  or  committees  of  specialists  were  expected  to 
be  set  up  under  the  boards.  The  Astronomy  Missions  Board,  for  example, 
would  be  considering  a program  including  solar  physics,  optical  astron- 
omy. radio  astronomy,  x-ray  astronomy,  gamma-ray  astronomy,  and  cos- 
mology, for  each  of  which  a specialist  group  might  be  needed.  Disciplinary' 
groups  would  continue  to  review'  and  recommend  on  specific  experiment 
proposals,  but  by  arranging  suitable  overlapping  memberships  with  the 
boards  and  their  committees,  discipline  committee  members  would  be 
afforded  ail  opportunity  to  take  part  in  the  broader  programmatic  discus- 
sions. 

Characteristically,  advisory  groups  want  to  report  to  the  highest  possi- 
ble levels,  in  NASA  preferably  to  the  administrator  himself.  But  the  ad- 
ministrator was  not  in  a position  to  assimilate  all  the  recommendations 
that  might  be  given  to  him  by  the  highly  technical  groups  or  to  appreciate 
the  significance  for  the  space  science  program  of  the  more  specialized  rec- 
ommendations. In  contrast,  the  program  offices,  where  the  programs  were 
formulated  in  the  first  place,  could  be  expected  to  understand  the  nuances 
as  well  as  the  major  thrusts  of  board  recommendations.  To  make  the  boards 
as  effective  as  possible,  NASA  managers  conceived  a double-pronged  con- 
nection to  the  agency  's  management.  The  boards  reported  formally  to  the 
associate  administrator,  but  worked  with  the  space  science  program  office, 
which  also  furnished  the  administrative  and  secretarial  support  for  them. 
When  desired,  the  boards  could  be  heard  at  the  administrator's  level.  But 
working  with  the  program  people  they  were  continually  feeding  their  ideas 
and  recommendations  into  the  agency  at  the  working  level,  where  those 
ideas  could  have  greatest  impact.  Board  discussions  were  lively,  interesting, 
and  productive,  and  for  several  years  their  reports  fed  into  the  NASA  plan- 
ning process  a great  deal  of  valuable  advice,  which  for  the  most  part  was 
assimilated  into  ongoing  program  plans.51 

Toward  the  end  of  the  1960s,  however,  the  cycle  of  discontent  repeated. 
The  immediate  vause  was  a mistake  by  the  author  and  some  of  his  col- 
leagues in  material  for  a report  to  President  Nixon  recommending  direc- 
tions for  the  future  of  the  space  program.  After  taking  office,  Nixon  had 
established  in  February  1969  a Space  Task  Group,  consisting  of  the  vice 
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president  as  chairman,  the  secretary  of  defense,  the  acting  administrator  of 
NASA,  and  the  science  adviser  to  the  president,  to  provide  him  with  a 
“definitive  recommendation  on  the  direction  which  the  U.S.  space  program 
should  take  in  the  post-Apollo  period.**52  The  Department  of  Defense  and 
NASA  provided  extensive  material  to  go  into  the  report,  which  came  out  in 
September.55  As  the  deadline  approached  for  the  completion  of  the  report, 
often  only  hours  were  available  for  making  hasty  revisions  requested  by  the 
report  staff.  In  the  course  of  one  of  these  quick  changes,  part  of  the  plane- 
tars program  was  modified.  NASA  people  supposed  that  the  change  was 
in  keeping  with  the  desires  of  the  Lunar  and  Planetar,  Missions  Board — 
but  it  wasn*t. 

The  board  reacted  strongly,  and  for  a while  there  was  talk  of  the  mem- 
bers* resigning  en  masse.  Actually  the  NASA  error  was  not  in  itself  enough 
cause  for  such  a strong  reaction  on  the  part  of  the  advisers.  The  problem 
had  been  grow  ing  for  some  time.  In  a period  when  the  entire  NASA  pro- 
gram was  under  scrutiny,  the  board  no  longer  Lit  »hat  it  had  the  necessary 
perspective  to  make  proper  recommendations.  In  fact,  the  chairman,  John 
Findlay,  confided  to  the  author  that  if  the  Lunar  and  Planetary  Missions 
Board  had  known  of  all  the  program  possibilities  that  were  being  con- 
sidered in  the  Space  Task  Group  planning — in  other  areas  as  well  as  for 
the  moon  and  planets — some  of  the  board's  recommendations  would  have 
been  quite  different. 

As  a first  order  of  business,  the  Lunar  and  Planetary  Missions  Board 
was  pursuaded  not  to  resign,  and  NASA  managers  committed  themselves 
to  working  out  some  better  arrangements  for  the  advisory  structure.  After 
much  discussion  within  the  agency  and  with  consultants,  NASA  decided  to 
create  a Space  Program  Advisory  Council.34  The  council  was  asked  to  advise 
on  the  entire  space  program — science,  technology,  and  engineering,  manned 
and  unmanned.  I'nder  the  council  were  four  interdisciplinary  committees: 
physical  sciences,  lire  sciences,  applications,  and  space  systems.  The  chair- 
men of  these  interdisciplinary  committees  made  up  about  half  the  mem- 
bership of  the  council,  the  rest  consisting  of  the  council  chairman  and 
members  at  large.  It  was  the  author's  intention  that  the  committees  would 
themselves  have  specialist  panels  working  with  and  reporting  to  them,  so 
that  the  committees  and  their  panels  would  be  analogous  to  the  previous 
missions  boards  and  their  committees.  The  new*  element  was  the  council, 
which  was  supposed  o provide  the  across-the-board  perspective  that  the 
missions  boards  had  lacked.  Once  more,  to  make  the  advisory  structure  as 
effective  as  possible,  a two-pronged  connection  with  the  agency  was  es- 
tablished. The  council  reported  to  the  deputy  administrator  of  NASA,  but 
was  expected  to  work  w ith  the  program  offices,  the  Office  of  Space  Science 
and  Applications  providing  administrative  and  secretarial  support.  The 
committees  reported  to  the  associate  administrator  and  were  expected  to 
work  directly  with  the  appropriate  offices — the  Physical  Sciences  Commit- 
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tee  with  space  science  divisions,  the  Applications  Committee  with  the  ap- 
plications groups.  Life  Sciences  with  space  biology  and  space  medicine 
people,  and  the  Space  Systems  Committee  largely  with  the  Office  of  Manned 
Space  Flight. 

Although  the  council  had  grown  out  of  discontent  with  the  previous 
advisory  structure,  and  although  it  had  been  designed  especially  to  provide 
consultants  with  a deeper  insight  into  NASA  programs  and  planning,  it 
was  not  as  effective  as  the  missions  boards  had  been.  The  arrangement  was 
unwieldly  and  required  a tremendous  amount  of  attention  from  NASA 
personnel  just  to  provide  the  necessary  secretarial  and  administrative  serv- 
ices. But  most  important,  the  council  and  its  committees  lost  touch  for  a 
while  with  the  divisions  in  the  program  offices.  Program  managers  and 
program  scientists  did  not  understand  the  arrangement.  Sitting  at  the  top 
of  an  imposing  hierarchy,  the  council  appeared  too  much  as  an  arm  of  the 
Administrator's  Office,  remote  and  not  easily  accessible  to  program  plan- 
ners. The  same  was  true  of  the  interdisciplinary  committees,  though  to  a 
smaller  degree.  As  a consequence,  when  program  div  isions  needed  special- 
ized advice,  they  created  their  own  working  groups — like  the  highly  suc- 
cessful Planetary  Sciences  Planning  Committee  set  up  by  the  lunar  and 
planetary  people  in  the  Office  of  Space  Science  and  Applications.  The 
existence  of  these  proprietary  working  groups  further  separated  the  top- 
level  advisory  groups  from  the  lower  ones.  Thus,  while  the  council  might 
have  a grand  perspective,  it  was  in  danger  of  losing  touch  with  the  realities 
of  detailed  program  planning.  A great  deal  of  management  time  was  re- 
quired to  keep  these  centrifugal  fortes  under  control. 

The  effectiveness  of  the  Space  Program  Advisory  Council  and  its  com- 
mittees was  improved  with  the  passage  of  time.  But  the  unwieldiness  was 
intrinsic  and  constantly  invited  reconsideration  of  the  advisory  structure. 

Spac  e Science  Panel 

After  the  first  few  years  in  which  the  Space  Science  Panel  of  the  Presi- 
dent’s Science  Advisory  Gcnmittce  saw  NASA  get  under  way.  advised  on 
such  matters  as  orbiting  astronomical  observatories,  sounding  roc  kets,  and 
universities,  and  supported  NASA  in  the  battle  over  classification  of  geo- 
detic satellite  data,  interest  among  panil  members  appeared  to  wane.  For 
some  years  attention  to  what  NASA  was  doing  was  somewhat  desultory.  In 
the  latter  half  of  the  l%0s.  however,  when  NASA’s  bumbling  over  what  to 
do  in  post-Apollo  vears  helped  to  precipitate  a crisis  of  confidence  over  the 
agency’s  planning,  interest  reawakened. 

After  studying  the  matter  of  manned  space  stations  at  some  length,  the 
panel  issued  a report  endorsing  the  Apollo  Workshop,  or  Skylab.  program 
as  a one-time-only  experiment  in  determining  what  man  could  do  in  a 
space  station,  but  withholding  support  from  any  continuing  space  station 
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work  uniil  Skylab  results  were  available  and  more  mature  consideration 
could  be  given  to  the  matter.  When  the  author  testified  on  the  Hill  shortly 
after  the  report  came  out,  he  found  that  Congressman  Karth  had  been  giv- 
ing a great  deal  of  attention  to  what  the  panel  had  to  say;  and  his  copy  of 
the  report,  amply  marked  up  either  by  the  staff  or  Karth  himself,  was  a 
source  for  a great  many  questions  on  the  space  science  program.15 

The  panel's  negative  attitude  toward  permanent  space  stations  persisted 
throughout  the  work  of  preparing  a draft  report  for  the  sSpace  Task  Group. 
In  this  the  panel  was  opposed  to  Administrator  Paine,  who  wanted  to 
proceed  at  once  with  a permanent  space  station,  as  the  next  natural  step  in 
the  space  program.  It  was  the  panels  vieiv  that  before  proceeding  with  a 
space  station,  a more  economical  and  versatile  means  of  transportation  to 
and  from  the  station  should  be  developed.  In  this  respect — although  with 
some  ambivalence  and  quite  tentatively — it  supported  a Space  Shuttle 
project  as  the  next  major  manned  spaceflight  effort  for  the  nation.  How 
much  influence  the  panel  had  in  securing  ultimate  support  for  the  Shuttle 
program  is  moot.  But  at  any  rate  in  this  last  great  issue  to  come  before  the 
panel  before  its  demise  in  January  1973  at  the  hands  of  President  Nixon, 
the  members  were  pointing  in  the  direction  NASA  came  to  regard  as  the 
right  one  for  the  country. 


The  Scien  i is  i s Decide 

By  virtue  of  science's  being  very'  much  what  scientists  do,  the  space 
science  program,  if  it  was  to  be  a good  one,  had  to  be  what  space  scientists 
made  of  it.  Recognizing  this,  NASA  built  its  space  science  program  on 
advice  from  the  best  scientific  minds  it  could  get  to  think  about  the  pro- 
gram. Over  the  years  June  Merker,  assistant  to  the  author,  kept  a running 
record  of  recommendations  made  to  NASA  by  the  many  advisory  bodies 
with  which  the  space  science  office  had  to  deal.  For  each  recommendation 
she  put  down  what  NASA’s  response  had  been.  A simple  perusal  is  enough 
to  convince  one  that  NASA  did  pay  careful  attention  to  what  the  scientists 
were  telling  the  agency.5* 

This  accommodation  to  the  scientific  community  did  not  come  about 
without  much  stress  and  strain.  Scientists  are  a contentious  lot,  habituated 
to  open  debate  and  free  expression  of  views,  and  the  tremendous  oppor- 
tunities of  the  space  program  inspired  them  to  more  intense  dispute  than 
usual.  One  reviewer  of  this  manuscript  raised  the  question  of  why  so  much 
attention  should  be  paid  to  the  quarrelsomeness  of  the  space  scientists.57 
Others  expressed  the  view  that  even  more  attention  should  be  given  the 
subject.  In  view  of  their  special  role  and  position  in  the  program,  a certain 
noblesse  oblige  fell  on  the  space  scientists.”  Nevertheless,  much  of  the  ten- 
sion in  the  program  stemmed  from  the  scientists’  presumption  of  special 
privilege,  which  at  times  Congress  found  irritating.  Many  scientists  how- 
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ever— like  Harry  Hess,  Charles  Townes,  John  Simpson,  Eugene  Parker, 
Fred  Seiu,  John  Findlay,  and  Gerard  Kuiper— were  invariably  courteous 
and  helpful. 

But  it  should  not  be  supposed  that  all  the  stresses  and  strains  were 
between  NASA  and  those  outside.  There  were  plenty  of  internal  problems, 
and  the  space  science  program  had  its  share,  some  of  which  are  discussed 
in  chapters  14-16. 
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The  Universities:  Allies  and  Rivals  to  NASA 


For  several  reasons  die  universities  were  important  to  NASA,  particu- 
larly to  the  space  science  program.  First,  much  of  the  research  embraced  by 
space  science — such  as  astronomy,  relativity  and  cosmology,  atmospheric 
studies,  and  lunar  and  planetary  science — was  done  in  or  in  conjunction 
with  universities.  As  a consequence  the  best  informed  and  most  competent 
researchers  important  to  space  science  were  to  be  found  on  campus.  While 
many  of  the  investigators  would  have  to  spend  long  hard  hours  learning  to 
use  the  new  rocket  and  spacecraft  tools,  their  years  of  working  with  the 
problems  to  be  solved  would  give  them  a substantial  head  start. 

Second,  the  university  was  the  only  institution  devoted  extensively  to 
the  training  of  new  talent.  As  the  space  program  was  getting  under  way, 
va.ious  groups  outside  of  NASA  expressed  concern  that  the  new  endeavor 
would  lure  scientific  and  technical  expertise  away  from  other  areas  of  more 
immediate  national  concern.  NASA  managers  argued  that  many  re- 
searchers entering  the  space  program  would  continue  their  ongoing  re- 
search, except  that  now  they  could  apply  powerful  space  techniques  to 
their  investigations.  In  space  science  the  argument  was  easy  to  make.  Astro- 
nomers would  continue  to  do  astronomy,  and  solar  physicists  would  con- 
tinue to  study  the  sun,  but  with  the  inestimable  advantage  of  having  their 
instruments  above  the  atmosphere,  which  hitherto  had  hidden  most  of  the 
wavelength  spectrum  from  the  observer  on  the  ground.  Atmospheric  and 
ionospheric  researchers  would  continue  their  investigations,  but  having 
their  instruments  in  the  very  regions  of  study  would  shorten  considerably 
the  long  chains  of  reasoning  previously  needed  to  go  from  ground-based 
observations  to  conclusions.  And  sending  instruments  to  the  moon  and 
planets  would  furnish  new  uuta,  the  lack  of  which  had  for  decades  stymied 
efforts  to  understand  these  bodies. 

But  in  applications  and  technologs  , the  argument  was  not  as  persua- 
sive. While  one  might  grant  that  satellites  should  contribute  to  the  observa- 
tion and  forecasting  of  weather  and  to  the  improvement  of  long-distance 
communications,  still  there  was  the  usual  feeling  that  conventional  ap- 
proaches needed  the  more  immediate  attention.  As  to  the  usefulness  of 
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space  technology,  the  comiection  was  even  less  direct  and  the  value  of 
diverting  manpower  to  space  technology  research  more  d<  ubtful. 

A significant  effect  of  the  Soviet  Union’s  precedence  in  space  was  to  set 
aside  such  arguments  for  a number  of  years.  But  those  arguments  were 
bound  to  recur  unless  steps  were  taken  to  counter  any  imbalances  the  space 
program  might  generate  through  the  absorption  of  highly  trained  man- 
power from  other  activities.  As  a remedy,  NASA  undertook  to  support  the 
universities  in  training  substantial  numbers  of  graduates  in  science  and 
engineering,  and  even  in  aspects  of  law  and  economics  related  to  space. 

In  providing  support  to  the  universities  for  research  and  the  training 
of  graduate  students,  NASA  created  a staunch  ally.  For  space  science  espe- 
cially, as  the  agency  sought  to  bring  university  experts  into  planning  the 
program  as  well  as  into  the  research,  relations  became  quite  intimate.  But 
by  simultaneously  establishing  space  science  groups  of  its  own  at  NASA 
centers,  NASA  generated  a substantial  strain  on  the  growing  tie  with  the 
universities.  For  it  was  inevitable  that  the  NASA  space  science  groups 
would  appear  to  have  the  inside  track  to  funding  and  space  on  NASA’s 
rockets  and  spacecraft. 

Although  in  time  NASA  space  science  groups  came  to  be  seen  by  out- 
side scientists  as  important  p>oints  of  contact,  university  researchers  con- 
tinued to  worry  that,  in  the  face  of  budget  cuts,  the  continuity  of  NASA 
space  science  teams  would  be  ensured  while  university  groups  would  be  in 
jeopardy,  and  that  university  projects  would  be  more  likely  to  suffer  from 
whims  of  NASA  administrators  than  would  those  in  the  centers.  Thus, 
while  the  alliance  between  NASA  and  the  universities  strengthened  as  the 
program  unfolded,  the  element  of  rivalry  was  also  there,  a rivalry  that  at 
times  displayed  hues  of  outright  antagonism  when  hard  decisions  had  to 
be  made — like  the  cancellation  of  the  Advanced  Orbiting  Solar  Observa- 
tory, which  terminated  important  university  research  projects.  It  was  a 
classic  example  of  a love-hate  relationship  in  which  mutual  interests  and 
respect  conflicted  with  a natural  competition  for  support  and  position.  For 
space  science,  at  least,  this  element  of  ally  and  rival  must  be  kept  in  mind 
as  an  important  feature  of  the  NASA  university  program. 

The  program  itself  got  off  to  a slow  start.  NASA  inherited  little  in  the 
way  of  a university  program  from  the  National  Advisory  Committee  for 
Aeronautics.  Oriented  primarily  toward  in-house  research,  NASA’s  prede- 
cessor supported  only  a limited  amount  of  university  research.1  At  first 
NASA’s  relations  with  the  university  community  assumed  an  administra- 
tive complexion  and  during  Glennan’s  years  the  group  responsible  for 
handling  university  matters  remained  on  the  administrative  side  of  the 
house.  When  Administrator  James  E.  Webb  took  over,  the  Office  of  Grants 
and  Rese;.  ch  Contracts,  which  had  prime  responsibility  for  NASA’s  uni- 
versity afi.  >r«  as  still  under  Albert  Siepert,  NASA’s  director  of  adminis- 
tration.2 
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Only  gradually  did  the  idea  of  a university  program  as  such  emerge. 
From  the  provisions  of  Public  Law  85-934,  which  went  into  effect  in  the 
fall  of  1958,  NASA  acquired  the  authority  to  make  grants  in  support  of 
research  pertinent  to  the  NASA  mission.5  But  for  a time  NASA  did  not 
have  the  authority  to  provide  for  building  research  facilities  on  campuses. 
In  May  1959,  when  Glenn  SeaSorg,  Edward  Teller,  and  some  of  their  col- 
leagues from  the  University  of  Ga'ifornia  at  Berkeley  met  writh  Hugh 
Dry  den  and  the  author  seeking  funds  to  construct  a building  to  house  a 
space  institute,  Drvden  had  to  tell  them  that  NASA  lacked  authority  to 
provide  such  supr  *rt.  The  agency  was.  however,  seeking  to  remedy  this 
situation  in  the  authorization  request  then  before  the  Congress.4  But,  not 
until  the  summer  of  1961  did  the  agency  gain  the  legal  basis  for  making 
facilities  grants  to  universities.*  In  spite  of  its  slowness,  NASA  in  its  first 
two  years  laid  the  basis  for  what  might  be  called  a conventional  program 
to  support  space  research  on  university  campuses.  Webb,  the  second  ad- 
ministrator of  NASA,  added  some  decidedly  unconventional  elements  to 
the  program. 


Stepping  Up  the  Pact 

To  meet  NASA's  own  needs,  and  under  prodding  from  Lloyd  Berkner 
and  the  Space  Science  Board.  NASA  space  science  managers  during  1939 
and  1960  gradually  evolved  a program  hr  support  of  space  science  in  the 
universities.  By  the  fall  of  1960.  a policy  for  the  program  had  taken  shape. 
In  November  1960  the  author  set  forth  some  elements  of  policy  to  be  fol- 
lowed with  universities  and  nonprofit  organizations.  NASA  would  support 
basic  rt  search  in  these  institutions  for  the  purpose  of  developing  space 
science,  but  could  not  support  science  in  general.  NASA  would  use 
multiyear  funding  and  would  seek  to  provide  continuity  of  support  to  aca- 
demic research  groups.6  With  these  thoughts  the  shape  of  the  conventional 
part  of  the  university  program  was  beginning  to  emerge.  It  remained  to 
match  the  size  of  the  program  to  the  need. 

During  the  spring  of  1961  the  determination  grew  to  strengthen 
NASA’s  association  w ith  the  universities.  Meeting  with  his  staff  on  22  June 
1961,  Webb  decided  that  NASA  must  encourage  university  participation  in 
the  space  program  and,  moreover,  must  share  in  the  necessary  funding  to 
make  it  possible  for  universities  to  take  part.  Webb  assigned  the  author  the 
task  of  organizing  an  intra-NASA  study  of  how’  to  proceed  and  to  assemble 
an  outside  group  of  consultants.  The  very  next  day  the  author  and  his 
associates  began  to  develop  a list  of  topics  to  take  up  in  the  proposed 
studies,  siich  as  support  of  research,  the  differing  requirements  of  labora- 
tory research  versus  spaceflight  research,  the  development  of  graduate  edu- 
cation, the  development  of  schools,  the  use  of  grants  as  opposed  to  con- 
tracts, fellowships,  and  the  construction  of  facilities  on  campuses.7  Simul- 
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taneously  a panel  of  university  presidents,  deans,  and  department  heads 
(app.  H)  was  lined  up  10  meet  on  H August  1961  on  the  questions  NASA 
posed  and  other  questions  that  they  themselves  might  bring  forward. 

On  50  June  the  author  chaired  a meeting  of  representatives  from  inter- 
ested offices  in  the  agency  to  review  plans  for  the  meeting.*  A number  of 
the  university  consultants  came  to  NASA  Headquarters  in  early  July  for  a 
preliminary  look  at  the  questions  to  be  taken  up  in  the  August  session. 
Thus,  by  the  time  of  the  meeting,  considerable  thought  had  already  been 
devoted  to  the  problems  of  concern. 

At  the  August  meeting,  to  set  the  stage  for  the  discussion.  Richard  Bolt 
of  the  National  Science  Foundation  presented  some  statistics  on  haste  re- 
search in  universities.  Total  basic  research  in  the  United  States,  he  said, 
amounted  to  $1.8  billion  annually,  of  which  half  was  spent  in  universities. 
The  government  provided  two-thirds  of  the  university  share — $600  mil- 
lion. According  to  Bolt,  universities  direly  needed  money  to  build  new 
facilities,  with  an  immediate  requirement  of  $500  million  and  a total  over 
the  next  10  years  of  $2.8  billion  * It  was  certainly  not  NASA's  responsibil- 
ity to  provide  these  huge  sums,  but  any  funding  would  help  to  relieve  the 
total  problem. 

Predictably  the  advisory  committee  recommended  that  NASA  enhance 
its  university  program,  providing  money  for  research,  graduate  training, 
and  construction  of  new  laboratories.  With  the  committee's  welcome 
endorsement,  NASA  stepped  up  the  pace  of  its  program.  Much  of  the 
research  supported  in  universities  was  funded  by  the  various  program  of- 
fices. Although  in  the  long  run  such  funding  proved  to  be  more  stable 
than  that  from  (he  university  office  itself,  university  officials  saw  serious 
shortcomings  in  this  procedure.  NASA  program  managers  naturally  tied 
their  dollar  support  to  specific  projects  with  prescribed  objectives,  and 
with  firm  deadlines  for  flight  experiments.  For  researchers  engaged  in  such 
projects,  the  funding  was  essential  and  the  imposed  requirements  unexcep- 
tionable. But  the  question  remained  of  how  advanced  work,  the  explora- 
tory research  that  was  needed  before  an  investigator  could  propose  a flight 
experiment,  would  be  supported. 

Out  of  the  need  to  do  advance  work  grew  the  concept  of  the  sustaining 
umiTTsity  progtam.  This  terminology  was  never  much  liked  either  in 
NASA  or  on  the  Hill,  since  it  seemed  to  denote  a program  to  sustain  the 
universities,  which  was  not  NASA's  legitimate  business.  4.111  no  better  lan- 
guage was  devised  to  describe  that  part  of  the  university  program  that  was 
designed  to  make  possible  university  participation  in  spaceflight  research. 
For  example,  the  sustaining  university  program  would  provide  long-term 
funding  of  a rather  broad  nature  (hat  would  permit  the  university  to  build 
up  and  maintain  a continuing  research  group  and  to  pursue  the  ground- 
based  research  prerequisite  to  spaceflight  investigations.  The  broad-based 
support  was  achieved  by  funding  research  in  very  general  areas  pertinent  to 
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space  srkam.  leaving  the  choice  of  spttilk  research  problems  and  the 
setting  of  schedules  largely  to  the  investigator  himself. 

Continuity  of  support  was  achieved  by  step  funding.1*  At  the  initiation 
of  a giant,  two  years*  funding  was  committed,  one  lull  year's  worth  to  be 
applied  to  the  first  year,  two-thirds  of  a year  s worth  assigned  to  the  second 
vear.  and.  the  remaining  one-third  of  a year's  funding  to  be  used  in  the 
third  year  (fig  t it  lat  h year  thereafter  adding  a full  year’s  funding  would 
jommiie  tin*  arrangement  for  the  next  three  years.  Thus,  if  at  any  lime 
NASA  had  to.  or  chose  to.  dtscnnttnue  the  grant,  enough  money  and  titne 
would  remain  so  that  the  work  could  be  phased  out  in  an  orderly  and 
rational  way— or  perhaps  support  found  front  some  other  source.  The 
program  offices  were  also  encouraged  to  use  step  funding  whenever  they 
could  see  their  wav  clear  to  do  so. 

Mindful  of  the  criticism  that  NASA  was  using  persons  critically 
needed  elsewhere,  the  agency  put  *ogether  a program  to  fund  the  training 
of  graduate  undents  in  areas  related  to  the  spare  program.  During  1962.  as 
N ASA  managers  were  living  to  determine  how  large  a training  program  to 
support.  the  so-called  Gilliland  report  at*  the  nation  s need  fot  scientific 
and  technical  people  was  in  preparation.  Although  tin*  rejsort  did  not 
appear  until  December  1962.  many  of  ns  conclusions  were  widely  known 
well  before  that  time  and  had  a decided  impact  on  NASA’s  planning.  Ilie 
report  stated  that  to  meet  the  nation’s  needs,  the  country  would  have  to 
double  by  1970  its  produclion  of  engineers,  mathrma.it  tarts.  and  phys- 
ictstsji  His  expiated  to  adding  about  tiXM»  persons  at  the  doctorate  level  to 
the  work  force  each  year,  i knnputng  its  total  budget  with  those  ol  sister 
agencies  like  the  IVpounent  of  Odense,  lie  National  Science  Foundation, 
and  the  National  liisiitntii  of  Health,  NASA  arbitrarily  adopted  one- 
: fptiph  of:  the  goal  as  its  fan  share.-  Finding  itself  unable  to  meet  this  goal, 
tin-  university  office  ultimately  aimed  at  a steawlv -state  level  of  KMX)  trainees 
in  its  program. 52  Before  mam  vea»*  had  passed  NASA  trainees  could  he* 
found  in  universities  and  collage*  of  almost- .ev  ery  . state  .in  the  I’niffli.  This 
geographical  spiead  in  the  program  earned  the  agency  considerable  praise 
front  members  of  f kmgress.  although  one  or  two  legislators  held  that 
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NASA  had  exceeded  its  authority  in  entering  upon  any  such  training  pro- 
gram. By  leaving  the  administration  of  the  training  program,  including 
the  selection  of  trainees  and  their  research  projects,  to  the  universities — 
NASA's  prime  requirement  was  that  the  research  be  clearly  related  to 
space — the  agency  also  earned  the  appreciation  of  the  universities. 

A most  important  aspect  of  the  sustaining  university  program  was 
building  laboratories  for  universities  interested  in  the  space  program.  The 
magnitude  of  the  national  need  for  new  university  construction  had  been 
indicated  in  Bolt's  brief  resum#  for  NASA's  ad  hoc  advisory  committee. 
From  all  over  the  country  university  administrators  came  to  see  NASA  offi- 
cials about  the  possibility  of  obtaining  funds  to  construct  new  buildings. 
As  indicated  earlier  the  pilgrimages  had  begun  even  before  NASA  had 
the  necessary  authority  to  help.  Always  the  story'  was  the  same.  University 
interest  in  doing  space  research  was  running  high,  but  facilities  were  al- 
ready overloaded  by  other  research  and  by  teaching  requirements.  To  take 
advantage  of  the  opportunities  presented  by  the  space  program  and  to  help 
NASA  conduct  the  space  science  and  other  space  programs,  the  university 
required  additional  facilities  and  equipment.  Out  of  this  need  grew  the 
facilities  portion  of  NASA's  sustaining  university  program. 

By  the  end  of  Webb's  first  year  and  a half  in  office,  NASA’s  university 
program  had  begun  to  take  the  shape  it  would  display  throughout  the 
1960s:  a component  supported  by  the  technical  program  offices  ami  the 
sustaining  university  program  supported  by  the  Office  of  Grants  and 
Research  Contracts.  The  former  supported  research  closely  connected  w ith 
specific  programs  and  projects  of  the  agency , while  the  sustaining  program 
provided  funding  for  graduate  training,  the  construction  of  facilities,  and 
continuing  research  in  rather  broad  areas.  As  the  program  was  expanded, 
the  underlying  policy  was  also  finned  up.  To  the  points  listed  in  the 
author’s  memorandum  of  November  1960.  Webb  added  an  important 
guideline:  NASA  was  to  work  with  universities  in  such  a way  as  to  streng- 
then them  while  at  the  same  time  getting  NASA’s  job  done.  This  particu- 
lar policy  of  Webb’s,  often  repeated  in  conversation  and  writing,  evoked 
approbation  from  the  Space  Science  Board's  Ad  Hoc  Committee  on  NASA- 
University  Relationships  in  the  spring  and  summer  of  1962. 

Once  launched  on  a path  of  renewed  grow  th,  the  university  program 
increased  steadily  to  more  than  $100  million  a year  (fig.  45).  The  sustain- 
ing university  program  flourished  for  a number  of  years  before  running 
into  peculiar  problems  that  markedly  altered  its  character  and  greatly  re- 
duced its  sue.  To  run  the  program  ITiomas  K.  L.  Smull  had  taken  over 
from  Lloyd  Wood,  its  initial  mentor.  Smull,  formerly  of  the  NACA,  had  a 
broad  acquaintance  w ith  university  administrators  and  a keen  sense  not 
only  of  the  capabilities  of  universities  but  also  of  their  needs.  He  was  not 
an  easy  conversationalist,  and  his  writing  tended  to  be  labored,  but  these 
shortcomings  were  overcome  by  his  imaginativeness  and  the  soundness  of 
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pari  of  the  funding  came  from  the  technical  program  offices.  NASA  University  Affairs  Office,  (hart  1*77 A W / )*  rev.  / , J97S. 


BtYOND  lilt  AlMOSPlItRt 


his  thinking.  Because  of  his  obvious  interest  in  the  welfare  of  the  universi- 
ties with  which  he  dealt,  a welfare  which  he  put  on  a par  with  that  of  the 
National  Aeronautics  and  Space  Administration  which  he  represented. 
Smut!  gained  a solid  acceptance  in  the  university  community. 

To  assist  in  the  management  of  the  program  Smull  brought  in  a 
number  of  key  persons.  John  T.  Holloway,  a physicist  erf  notably  sharp 
intellect  and  equally  cutting  tongue,  brought  years  of  experience  with  uni- 
versities from  the  Office  erf  Naval  Research  and  the  Office  of  Defense 
Research  and  Engineering.  Holloway  was  effective  in  promoting  all  pans 
of  the  sustaining  university  program,  and  in  time  became  deputy  to  Smull. 
Frank  Hansing  from  Agriculture,  Donald  Holmes  from  Defense,  and  John 
Craig  from  the  Central  Intelligence  Agency  were  other  new  recruits  to  the 
office.  Almost  single-handedly  Hansing  managed  the  training  grants  pro- 
gram, earning  the  great  respect  of  both  colleagues  and  outsiders.  Holmes 
wrestled  in  respectable  fashion  with  the  more  tricky  facilities  grants,  where 
he  encountered  a number  of  vexations  no*  experienced  in  other  pans  of  the 
program.  Craig  took  responsibility  for  the  research  grants. 

Having  launched  the  NASA  university  program  on  a career  of  expan- 
sion, Webb  continued  to  give  it  his  personal  attention.  As  part  of  the  reor- 
ganization of  NASA  in  the  fall  of  1961,  Webb  moved  ihe  Office  of  Grams 
and  Research  Contracts  from  its  obscure  loc  ation  in  the  Office  of  Adminis- 
tration to  the  new*  Office  of  Space  Sciences,  where  an  intimate  association 
w ith  the  universities  was  an  important  feature  of  the  otxrating  program.15 
Following  the  ad  hoc  advisory  meeting  of  August  1961.  the  administrator 
engaged  John  C.  Hones  of  the  Carnegie  Corporation  of  New  York  to  con- 
tinue to  review  and  advise  on  the  agency’s  program  with  the  universities. 
While  Honey  added  little  to  the  substantive  recommendations  of  the  ad 
hoc  group,  he  took  pains  to  emphasize  that  if  NASA  was  serious  about 
elevating  the  university  program,  adequate  staffing  had  to  be  provided. 
Honev’s  judgment  was  that  at  the  start  of  1962  NASA  was  grossly  under- 
staffed for  its  projected  plans  in  the  university  area,  and  in  particular  to 
match  the  performance  of  the  Office  of  Naval  Research,  the  National 
Science  Foundation,  and  the  National  Institute's  of  Health  in  working  w ith 
universities.  For  proper  effec  tiveness.  Honey  advised  one  manager  for  each 
$4  million  of  program.14  By  Honey’s  standards.  NASA’s  univer  ty  pro- 
gram was  permanently  understaffed. 

As  the  program  unfolded  NASA  made  a practice  of  seeking  outside 
evaluations.  It  was  difficult  to  assess  and  assimilate  such  evaluations,  for 
they  tended  to  lx*  highly  flavored  by  the  personal  views  and  bents  of  the 
evaluators.  In  June  196*1,  Sidney  G.  Roth  of  New*  York  University  turned 
out  a rejxm  on  NASA-univcrsity  relations  which  seemed  to  show  greater 
concern  about  how  to  enhance  the  benefits  of  NASA’s  program  to  the  uni- 
versities than  about  how  NASA  might  get  what  it  needed  from  the  pro- 
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gram.  It  gave  much  attention  to  the  mechanics  of  operating  the  university 
program.  Roth  recommended  that  NASA  establish  discipline  divisions — a 
biology  div  ision,  a physics  division,  etc.— for  dealing  with  universities  and 
make  use  of  corresponding  evaluation  panels  in  deciding  on  grant 
awards.15  NASA  could  not  use  such  a recommendation,  which  failed  to 
take  into  account  the  agency’s  need  to  organize  along  project  lines.  There 
just  wasn’t  a definite  sum  set  aside  to  go  into  university  research  in  biol- 
ogy, and  another  sum  for  university  physics,  and  so  on.  Rather,  NASA’s 
monies  were  earmarked  for  projects  in  lunar  exploration,  satellite  astron- 
omy, space  communications,  and  the  like.  Money  was  directed  into  the 
academic  disciplines  as  they  appeared  directly  or  indirectly  to  support  the 
agency  's  assigned  projects. 

A year  later,  in  a similar  study  for  NASA.  D.  J.  Montgomery  of  Michi- 
gan State  University  found  almost  no  desire  in  his  widespread  discussions 
to  have  NASA  change  its  methods  of  evaluating  research  proposals.16  A key 
problem  cited  by  Montgomery  was  that  of  communicating  adequately  to 
the  university  community  NASA’s  intentions  and  the  opportunities  NASA 
could  offer  for  university  research. 

In  1965  the  NASA  university  program  was  in  full  swing.17  The  Office 
of  Space  Science  and  Applications  was  devoting  about  $30  million  a year 
to  the  support  of  university  research  related  to  the  space  science  and  appli- 
cations programs,  and  other  program  offices  were  also  pouring  sizable 
sums  into  the  universities.  In  the  sustaining  university  program,  the  train- 
ing grants,  which  now  consumed  about  $25  million  a year,  had  attracted 
high-caliber  students  who  appeared  to  be  doing  good  research  on  impor- 
tant space  problems.  Twenty-seven  research  facilities  grants  had  been 
awarded,  and  these  with  the  broad  research  grants  were  enabling  many  of 
the  major  universities — the  Massachusetts  Institute  of  Technology, 
Princeton,  the  University  of  Wisconsin,  and  various  campuses  of  the  Uni- 
versity of  California,  for  example — to  establish  interdisciplinary  space 
research  activities.  The  sweep  of  the  program  and  the  widespread  univer- 
sity interest  was  brought  out  in  a NASA-universitv  conference  held  in 
Kansas  City  1-3  March  1965. The  conference  was  held  to  inform  the  uni- 
versities of  NASA’s  plans  and  to  hear  university  reports  of  progress  in  their 
projects.  Those  attending  comprised  a veritable  Who  s Who  of  the  univer- 
sity community.19  The  meeting  evoked  both  praise  and  criticism  of  NASA’s 
program.  Illustrating  the  praise  was  a letter  from  Professor  Martin  Sum- 
merfield  of  Princeton  University.20  Summerfield  wrote  to  compliment 
NASA  both  on  the  conference  and  on  the  substance  of  the  NASA  university 
program.  He  said  that  he  found  the  same  enthusiasm  in  his  talks  with 
colleagues  at  his  university.  Most  appreciated  was  NASA’s  policy  of  sup- 
porting a uni  rsity  in  what  the  institution  found  to  be  in  its  own  self- 
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But  the  glow  of  success  blinded  one  to  some  serious  defects.  In  the 
sustaining  university  program  were  problems  that  would  soon  destroy  the 
program  as  originally  conceived*  replacing  it  with  one  of  quite  different 
thrust. 


Experimental  Program: 

Facilities  Gran  is  and  Memos  oe  Understanding 

When  James  E.  Webb  began  in  the  spring  of  1961  to  encourage  NASA 
managers  to  expand  and  deepen  the  agency  ’s  association  with  the  nation's 
universities,  they  naturally  thought  in  terms  of  programs  like  those  of  the 
Office  of  Naval  Research  or  the  National  Science  Foundation,  programs 
which  have  been  characterized  here  as  conventional.  But  Webb,  out  of  an 
interest  born  of  his  long  experience  in  government  as  director  of  the 
budget  and  as  under  secretary  of  state  and  many  years  of  association  with 
the  Frontiers  of  Science  Foundation  in  Oklahoma  and  Educational  Sen* 
ices,  Inc.*  in  Massachusetts,  had  more  in  mind.  He  wanted  to  experiment, 
to  create  a closer,  more  fruitful  government-university  relationship  than 
had  existed  before. 

No  sooner  had  the  word  gone  out  that  NASA  now  possessed  the 
authority  to  support  the  construction  of  university  l.icilities  and  would  be 
receptive  to  proposals  suitably  related  to  the  space  effort  than  the  agency 
was  deluged  with  requests  for  support  of  laboratories  and  institutes.  The 
month  of  October  1961  illustrates  the  kind  of  interest  that  had  been  stirred 
up.  Lloyd  Berkner  of  the  Southwest  Research  Institute  in  Dallas  obtained 
from  NASA  a commitment  to  support  the  Institute  at  the  rate  of  $500 
thousand  a year  on  a step-funded  basis.2*  On  20  October  1961  Nobel  Lau- 
reate Willard  Libby,  representing  the  University  of  California  at  Los 
Angeles,  discussed  with  Webb  and  the  author  the  possibility  of  getting 
money  from  NASA  to  erect  a building  to  be  devoted  to  research  in  the 
earth  sc  iences.  As  a site  for  the  building,  the  university  was  interested  in 
acquiring  title  to  some  neighboring  land  belonging  to  the  Veterans 
Administration.  l ive  land  was  understood  to  be  surplus  to  current  gov- 
ernment needs,  and  Libby  wondered  if  NASA  might  assist  in  obtaining  the 
real  estate  for  the  university.22 

1 wo  days  later.  Governor  Kernel  of  Illinois  was  in  Webb  s office  to 
explore  Illinois's  interest  in  the  NASA  university  program.  Immediately 
on  the  heels  of  the  discussions  with  Governor  Kerner,  James  S.  Mai  Don- 
nell. president  of  Mac  Donnell  Airc  raft  Company  and  a truster  of  Washing- 
ton University  at  Saint  Louis,  was  inquiring  as  to  how  Washington  Uni- 
versity might  be'  related  to  the  space  program.21  On  26  October  1961 
Professor  Gordon  MacDonald  of  UCLA  followed  up  Libby’s  earlier  visit 
seeking  an  earth -sciences  laboratory  for  the  university.24  In  these'  explora- 
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lory  discussions.  Webb’s  quesiioning  began  to  reveal  the  germ  of  a new 
idea,  that  of  getting  universities  to  develop  stronger  university -community 
relations. 

By  30  October,  when  Professor  Samuel  Silver  of  the  University  of  Cali- 
fornia visited  NASA  Headquarters  to  solicit  support  for  a space  science 
center  at  Berkeley,  Webb’s  idea  had  begun  to  take  shape.  Silver  needed  not 
only  money  for  space  research,  but  also  funds  to  erect  a laboratory  to  house 
the  space- science  center.  Webb  asked  if  the  proposed  center  might  take  on 
two  economists  who.  working  closely  with  the  physicists  and  engineers, 
would  study  the  values  of  science  and  technology,  their  feedback  into  the 
economy,  and  how  a university  can  help  to  solve  local  problems.25  To 
Webb  the  fact  that  a laboratory  provided  by  NASA  would  be  devoted  to 
space  research,  while  an  essential  requirement,  would  not  be  adequate  jus- 
tification. There  had  to  be  more,  and  during  the  first  half  of  1962  the 
desired  quid  pro  quo  was  worked  out.  Following  the  administrator  s lead, 
on  3 July  1962  Donald  Holmes  set  down  a few*  notes  on  the  polio  that 
would  be  followed  by  NASA  in  making  construction  grants  to  universities. 
Holmes  noted  that  in  accordance  with  Public  Law  87-98,  and  when  the 
university  had  met  criteria  established  by  NASA,  it  would  be  NASA’s  in- 
tention vest  title  in  the  grantee  to  the  facilities  acquired  under  the  facili- 
ties grant  program.26  Among  the  criteria  would  be  Webb’s  special  require- 
ment. of  which,  in  connection  with  a proposed  facility  grant  to  the  Uni- 
versity of  California  at  Berkeley.  Webb  wrote  on  25  July  1 962:  ’’One  of  the 
conditions  of  the  facility  grant  will  be  to  require  that  each  university  de- 
vote appropriate  effort  tow  ard  finding  ways  and  means  to  assist  its  sen  ice 
area  or  region  in  utilizing  for  its  own  progress  the  know  ledge,  processes,  or 
specific  applications  arising  from  the  space  program.”  He  further  stated 
that  a memorandum  of  understanding  signed  by  senior  officials  of  the  uni- 
versity and  NASA  would  be  used  to  establish  the  conditions  of  the  facility 
grant.27 

These  additional  conditions  for  obtaining  a facility  grant  from  NASA 
may  or  may  not  have  been  necessary  to  ’ jstify  the  grants  to  Congress,  but 
for  Webb  they  were  entirely  in  character.  He  repeatedly  said  that  he  liked 
to  accomplish  several  things  at  once  with  any  action  he  took.  He  saw^  in 
the  universities  not  only  a source  of  support  for  the  scientific  and  technical 
research  of  NASA,  but  also  the  possibility  of  meeting  a much  broader  need 
of  the  administration.  In  the  last  half  of  the  20th  century,  political,  eco- 
nomic, and  social  problems  had  become  so  complex  as  to  place  them 
beyond  the  comprehension  of  any  single  individual  or  group.  As  never 
before  in  the  history  of  man.  statesmen  needed  advice  and  counsel  bast'd 
on  the  expertise,  experience,  and  insight  of  many  diverse  talents.  Where 
better  to  look  for  this  than  on  the  university  campus  w here  all  kinds  of 
talents  and  interests  exist  together,  engaged  in  study  and  thought  at  the 
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very  frontier  of  knowledge  and  understanding?  The  task  was  to  bring  all 
this  talent  together  in  such  a way  as  to  derive  from  it  practical  and  timely 
advice  to  administrators  and  lawmakers. 

So,  as  NASA  people  sought  specific  help  from  the  universities  in  their 
individual  projects  and  programs.  Webb  sought  to  give  this  developing 
university  program  a broader  and  deeper  character.  He  would  support  the 
training  of  large  numbers  of  graduate  students  and  the  construction  of 
limited  numbers  of  buildings  for  space  science  and  engineering  and  the 
aeronautical  sciences  if  university  administrations  in  return  would  commit 
themselves  to  developing  new  and  better  ways  of  working  with  locrd 
ernments  and  industry  to  solve  common  problems  and  advance  the  general 
welfare.  Webb  was  especially  interested  in  seeing  what  could  be  done  to 
develop  readily  tappable  centers  of  advice  for  local,  state,  and  national 
government. 

The  universities  were  quite  ready  to  sign  agreements  along  the  lines 
that  Webb  desired,  but  actually  showed  little  understanding  of  what  Webb 
was  talking  about.  Most  university  administrators  seemed  to  feel  that  the 
agreements  were  purely  cosmetic — showpieces  that  could  be  used  in  Con- 
gress to  justify  the  construction  grants  and  other  subventions  to  the  univer- 
sities. A few  produced  some  results,  but  nothing  approaching  what  Webb 
had  hoped  for. 

Webb's  dream  was  a desirable  objective,  but  may  have  been  impossible 
of  achievement  in  the  university  environment.  The  independence  of  the 
individual  researcher,  which  academic  tradition  guarantees,  fosters  the  ex- 
pertise and  specialized  knowledge  that  Webb  wished  to  tap. To  place  such 
expertise  and  knowledge  on  ready  call  to  be  applied  on  command  to  prob- 
lems of  someone  else’s  choosing — that  is,  on  demand  from  the  government 
seeking  advice,  or  the  university  administration  seeking  to  serve  the  gov- 
ernment— would  destroy  the  very  independence  that  generated  the  unique 
expertise  in  the  first  place.  This  meant  that  one  would  have  to  rely  on 
voluntary  contributions  to  the  activity  by  individual  professors,  which  left 
the  university  administrators  in  a position  of  attempting  to  persuade  their 
professors  to  join  an  undertaking  the  administrators  themselves  did  not 
understand  well  enough  to  describe  in  very  persuasive  terms. 

To  add  to  the  dilemma,  university  researchers  often  feel  that  their  best 
personal  contributions  to  society  are  to  be  made  through  their  personal 
research,  which  is  the  thing  that  they  do  best.  Thus,  when  Webb  asked 
individual  department  members  if  they  didn’t  feel  an  obligation  to  their 
university  administration  to  help  carry  out  a memorandum  of  agreement 
like  those  with  NASA,  the  answer  was  no.  Such  an  answei,  which  was 
regarded  as  natural  and  proper  by  the  university  researcher,  seemed  out- 
rageously callous  and  irresponsible  to  Webb. 

That  NASA  could  apply  only  a few  tens  of  millions  of  dollars  in  the 
university  area  afforded  Webb  very  little  leverage.  As  Richard  Bolt  of  the 
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Science  Foundation  had  pointed  out,  university  needs  nationwide  for 
buildings,  equipment,  and  other  capital  investments  were  variously  esti- 
mated in  the  vicinity  of  several  billions  of  dolla.  i,  against  which  NASA’s 
few  millions  made  little  showing. 

The  fortunes  of  the  sustaining  university  program  rode  the  wave  of 
Webb’s  interest  in  drawing  the  universities  into  the  broader  role  in  politi- 
cal, economic,  and  social  matters  to  which  he  felt  they  could  contribute  so 
much.  One  may  argue  over  whether  Webb’s  objectives  were  achievable  at 
all;  but  they  could  hardly  have  been  realued  in  the  few  years  that  he 
allowed  for  their  accomplishment.  In  1965,  when  the  university  program 
appeared  to  be  riding  high,  Webb,  instead  of  taking  satisfaction  in  its 
accomplishments,  began  to  show  disappointment  in  its  shortcomings.  On 
19  February  1965  he  wrote  to  the  author  that  “no  university,  even  under 
the  impetus  of  the  facilities  grant  accompanied  by  a Memorandum  of 
Understanding,  had  found  a way  to  do  research  or  experiment  with  howT 
the  total  resources  of  the  university  could  be  applied  to  specific  research 
projects  insofar  as  thev  are  applicable.”2* 

Webb  met  frequently  with  university  heads  to  press  them  for  reports  of 
progress.  He  asked  for  independent  reviews  of  the  program.  One  of  these, 
conducted  by  Chancellor  Hermann  Wells  of  the  University  of  Indiana, 
included  an  extensive  tour  of  the  universities  owning  buildings  paid  for  by 
NASA.  The  report  did  not  give  Webb  the  encouragement  he  sought.  When 
the  president  of  one  of  the  universities  Web*  felt  most  likely  to  produce 
good  results  stated  that  most  of  the  universities  believed  Webb  had  intro- 
duced the  memo  of  understanding  purely  to  satisfy  Congress  and  that  he 
really  wasn’t  serious  about  requiring  performance  under  the  agreement, 
the  administrator’s  disenchantment  was  complete.  As  1966  rolled  around  it 
became  clear  to  his  associates  that  Administrator  Webb  was  planning  to 
w ind  down  the  sustaining  university  program. 

In  an  effort  to  forestall  any  such  curtailment,  the  author  wrote  a 13- 
page  memorandum  to  the  administrator  pointing  out  the  importance  of 
the  universities,  the  substantial  accomplishments  already  achieved  in  the 
NASA  university  program,  the  highly  successful  training-grant  program 
w hich  was  already  bringing  many  competent  young  recruits  into  the  space 
program,  and  the  increasing  flow  of  results  from  the  research  giants.29  The 
author  argued  for  a strong,  continuing  program,  emphasizing  that  current 
accomplishments  were  the  results  of  steps  taken  many  years  before  and  that 
a successful  program  of  the  kind  NASA  now  had  was  the  best  possible  basis 
from  which  to  try  to  achieve  the  special  objectives  Webb  had  in  mind.  It 
was  too  late;  events  had  overtaken  the  program.  Added  to  Webb’s  disap- 
pointment w ith  lack  of  performance  on  the  memoranda  of  understanding 
was  an  emergent  suspicion  that  the  Gilliland  Committee  report  might 
have  grossly  overestimated  the  need  for  new’  technical  people  in  the 
nation’s  work  force.  Physicists  and  engineers,  especially  in  the  aerospace 
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field*  were  beginning  to  have  difficulty  in  landing  jobs,  and  it  was  just 
possible  that  NASA’s  sizable  graduate-training  program  might  be  exacer- 
bating a serious  national  problem.  Simultaneously  President  Johnson,  dis- 
turbed by  unrest  and  violence  on  the  campus  and  smarting  from  what  he 
regarded  as  gross  ingratitude  for  all  that  his  administration  had  done  to 
help  students  pursue  their  education,  was  disinclined  to  provide  any 
further  assistance.  (That  the  dissidents  were  associated  with  departments 
other  than  the  scientific  and  technical  ones  with  which  NASA  was  con- 
cerned was  obscured  by  the  emotions  of  the  period.)  As  Webb  later  told  the 
author,  he  had  been  instructed  by  the  president— in  a memorable 
meeting— to  wind  down  the  training  program.  In  the  existing  climate, 
Webb  proceeded  to  phase  out  the  facilities  gram  program  also.  This 
dropped  the  sustaining  university  program  to  about  one-quarter  its  pre- 
vious level  by  FY  1968,  for  the  time  being  consisting  principally  of  the 
broad  area-research  grants.  Numerous  congressmen,  like  Joseph  Karth  of 
Minnesota,  who  had  found  the  sustaining  university  program  to  their  lik- 
ing, expressed  disapproval  when  the  new  budget  requests  showed  how 
much  it  was  being  curtailed.  Nevertheless,  the  cuts  stood. 

Ultimately  Smull  and  Holloway  became  casualties  of  Webb’s  disillu- 
sionment over  the  NASA  university  program.  To  Smull  and  Holloway— 
and  to  the  author  also— the  basic  university  program  was  amply  justified  by 
the  imjxirtant,  often  essential,  contributions  made  to  the  prime  NASA  ob- 
jectives in  spate  science  and  technology.  Webb’s  desire  for  a broader  gov- 
ernment-university relationship,  while  understandable  and  laudable, 
seemed  best  regarded  as  a hope  for  an  additional  benefit  that  might  or 
might  not  be  attained. 

But  Webb  didn’t  see  it  that  way.  To  him  the  broader  objectives  were 
the  most  significant  contribution  that  the  university  program,  or  at  any 
rate  the  sustaining  university  program,  could  make.  Without  that  contri- 
bution the  program  forfeited  his  endorsement.  He  came  to  feel  that  Smull 
and  Holloway  favored  the  conventional  program  too  much  and  did  not 
put  enough  effort  into  achieving  the  newer  relationships  he  sought.  From 
accompanying  Smull  on  numerous  visits  to  universities  and  hearing  him 
urge  on  university  people  Webb’s  desire  for  |XTfonnance  under  the  memos 
of  understanding,  the  authoi  knows  that  the  administrator  was  wrong  in 
this  estimate.  But  the  lack  of  mutual  understanding  grew,  exacerbated  by 
Holloway  s sharp  tongue  and  Smull's  failure  to  display  to  the  universities 
the  image  of  NASA  that  Webb  desired.  Finally  Holloway  left  to  take  a 
jx)sition  in  another  agency  Smull  moved  to  another  office  in  NASA. 

Francis  Smith,  an  electronics  engineer  from  the  Langley  Research  Cen- 
ter w ho  had  achieved  considerable  success  in  conducting  various  investiga- 
tions and  planning  activities  for  NASA,  was  pul  in  charge.  Phoenixlike, 
out  of  the  ashes  the  Office  of  Grants  and  Research  Contracts  rose  again  in 
form  of  an  Office  of  University  Affairs,  for  a short  while  reporting  direc  tly 
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to  the  administrator  and  then  for  a number  of  years  to  the  associate  admin- 
istrator. Honest,  witty,  and  bedeviled  by  Webb’s  assignments  to  duties  he 
really  didn’t  care  for,  Smith  nevertheless  displayed  a willingness  to  exper- 
iment that  put  him  in  great  favor  with  the  administrator.  But  Smith  did 
not  long  stay  at  the  post,  leaving  NASA  to  go  to  the  University  of  Hous- 
ton. Thereafter  Frank  Hansing  took  over  and  proceeded  to  mold  the  uni- 
versity program  to  the  needs  of  NASA  as  perceived  by  top  management. 

Experimental  Program:  Research  Institutes 

NASA’s  evident  willingness  to  experiment  with  new  relationships  and 
management  devices  antedated  Webb’s  administration.  In  this  a prime 
mover  with  regard  to  academic  lies  was  Robert  Jastrow,  a physicist  who 
had  come  to  NASA  from  the  Naval  Research  Laboratory  in  November 
1958.  An  imaginative  theorist,  Jastrow  over  his  years  with  NASA  interested 
himself  in  atmospheric  and  magnetospheric  physics,  meteorology  and 
atmospheric  predictability,  the  origin  of  the  moon  and  planets,  and  astro- 
physics and  cosmology.  He  was  a superb  speaker,  able  to  hold  both  lay 
audiences  and  professional  colleagues  spellbound  with  his  descriptions  of 
space  science  topics,  an  ability  that  served  NASA  well  when  Jastrow 
appeared  before  congressional  committees  in  defense  of  the  agency’s  spaa 
science  budget  request.  He  produced  numerous  books  and  articles  of  boil, 
technical  and  popular  level.-10  On  television  he  was  a frequent  exponent  of 
the  many  benefits  mankind  was  receiving  from  the  space  program. 

Immediately  upon  joining  NASA  Jastrow  busied  himself  with  promot- 
ing spac  e sc  ience.  He  joined  forces  with  Harold  Urey  to  agitate  for  an  early 
start  of  a lunar  progiam.  But  Jastrow  was  also  convinced  that  the  Ixst  minds 
could  be  attracted  into  tin*  space  program  only  if  the  agency  could  establish 
the  right  atmosphere  in  dealing  with  university  researc  hers.  He  set  about 
trying  to  establish  such  an  atmosphere. 

In  December  1958  Jastrow  suggested  to  Administrator  Glennan  the 
establishment  of  a NASA  fellowships  program  to  lx*  administered  by  the 
National  Research  Council  of  the  Academy  of  Sciences.31  Jastrow  urged 
that  the  fellowship  provide  a large  enough  stipend  that  a post-doctoral 
researcher  could  afford  to  take  advantage  of  it.  The  fellow  would  come  to 
NASA  to  work  on  a problem  of  his  own  choosing,  NASA's  only  require- 
ment being  that  the  problem  lx*  pertinent  to  space.  Having  the  program 
operated  by  the  National  Research  Council  might  free  it,  in  the  minds  of 
prospective  fellows,  from  the  taint  of  bureaucratic  bias  and  parochialism. 
The  suggestion  was  approved,  and  a formal  announcement  of  the  program 
appeared  the  following  Marc  h 32 

The  program  attracted  national  and  international  interest  and  brought 
many  first-rate  researchers  to  NASA.  From  the  Goddard  Space  Flight  Cen- 
ter, where  it  started,  the  fellowship  program  spread  to  other  NASA  centers 

2.17 


Bl  YON  I ) III  K A I M<  )Sl*l  I K R t- 


including  the  Jet  Propulsion  Laboratory.11  In  this  way  NASA  developed 
an  association  with  hundreds  of  competent  scientists  throughout  the 
United  States  and  the  rest  of  the  world,  and  these  scientists  became  person- 
ally interested  in  space  research. 

Jastrow  soon  came  to  feel  that  continuous  attention  to  the  theoretical 
basis  for  space  investigations  was  essential  to  a sound  and  productive  pro- 
gram. He  therefore  joined  the  newly  formed  Goddard  Space  Flight  Center, 
where  he  took  on  the  task  of  assembling  what  eventually  became  the  Theo- 
retical Division  of  the  center.  Still  not  satisfied  with  this  setup,  because  it 
lacked  the  drawing  power  to  attract  the  best  minds,  Jastrow  then  proposed 
that  a small  study  group  be  in  a location  more  easily  accessible  to  visiting 
scientists.  He  chose  a set  of  offices  in  the  Ma/or  Building  in  Silver  Spring, 
Maryland,  w'hich  was  not  too  difficult  to  get  to  from  downtown  Washing- 
ton or  the  National  Airport.  Here,  supported  w ith  contracted  computing 
capabilities,  he  initiated  what  was  to  become  one  of  the  mos*  interesting 
experiments  in  government  relations  with  the  scientific  o . -v  and 

academia.  Visiting  researchers  were  welcomed  to  work  on  , *nce 

problems,  and  suc  h luminaries  as  Gordon  Mac  Donald,  a ! ding  *hys- 
icist.  and  Harold  Urey,  lunar  and  planetary  exjH'rt,  cat  M onald 

remained  for  more  than  a year.  Leading  experts  from  aren-  the  wot  id 
were  invited  to  frequent  work  sessions  on  imfxvrtant  space  science  topics, 
like  particles  anu  fields  in  space,  the  solar  system,  and  cosmology.  Presen- 
tations treated  the  most  advanced  aspects  of  their  fields  and  were  thor- 
oughly disc  ussed  by  the  attendees.  These  sessions  and  the  ongoing  work  of 
Jastrow’s  group  were  the  source  of  numerous  ideas  for  space  science 
experiments. 

An  important  element  of  Jastrow's  concept  was  close  working  re- 
lations with  local  universities,  for  teac  hing  and  working  w ith  doc  toral  stu- 
detus  was  considered  one  of  the  be  st  ways  to  keep  a researcher  on  his  toes 
and  was  one  of  the  best  stimuli  imaginable  for  generating  research  ideas. 
In  this  respec  t Jastrow  found  the  Washington  area  deficient.  Although 
good  relations  were  established  with  the  University  of  Maryland,  Catholic 
Unive  rsity,  and  others,  still  the  quality  of  their  contributions  was  not  up  to 
what  Jastrow  sought.  In  October  I9(>0  Jastrow  wrote  to  Abe  Silverstein — 
bead  of  the  Offe  of  Space  Flight  Pro  rams,  which  housed  the  space 
science  office — proposing  that  NASA  create  a center  for  theoretical  re- 
search. By  LI  December  the  pro|x>sal  had  evolved  into  one  to  establish  an 
Institute  for  Space  Studies  in  New  York  City,  where  dose  relations  could 
be  developed  with  leading  universities  like  Columbia,  New  York  Univer- 
sity. and  Princeton.  With  support  from  both  Silverstein  and  the  author, 
(liennan  quickly  approved  the  proposal.*1 

Whether  the  Institute  should  become  an  indejKndent  center  or  remain 
part  of  the  Goduard  Space  Flight  Center  was  seriously  discussed.  In  the 
end,  the  tremendous  obstacles  that  would  stand  in  the  way  of  creating 
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another  new  NASA  center,  and  the  uncertainty  that  in  the  (ace  of  political 
jockeying  NASA  could  sustain  the  choice  erf  New  York  City  (or  its  Iota* 
lion,  led  to  abandoning  the  notion  of  a separate  center.  The  Institute  for 
SfKire  Studies  was  set  up  in  New  York,  in  rented  quarters,  as  an  arm  of  the 
CKiddaid  Space  Flight  (ernes,  but  with  considerable  autonomy  over  the 
choice  of  its  research  activities.55 

The  permanent  staff  was  intentionally  small,  a half-dozen  key  re* 
searchers  plus  secretarial  and  administrative  help.  Most  erf  the  researchers 
on  site  were  to  he  visiting  experts  who  would  sfiend  from  a few'  weeks  to  as 
much  as  a year  at  a time  at  the  institute  working  on  space  science  problems 
and  joining  in  the*  discussions  of  the  frequent  w*ork  sessions.  A large  com* 
puter  was  rented  with  programming  staff,  and  later  purchased.  As  time 
went  on  the  computing  capability  was  enlarged  and  improved,  giving  the 
institute  one  of  its  most  auractiv  features. 

Among  those  who  came  to  the  institute  for  extended  stays  were  the 
ubiquitous  Harold  Urey,  w ho  seemed  to  turn  up  wherever  exciting  space 
topics  were  being  pursued:  H.  C.  van  de  Hu  1st,  astronomer,  solar  physicist, 
and  first  president  of  the  international  Committee  on  Space  Research;  and 
VV.  Priester,  pioneer  worker  in  high  atmospheric  structure,  who  did  much 
to  determine  seasonal  and  other  variations  in  upper  air  densities. 

In  New  York  it  was  possible  to  arrange  the  kinds  of  university  faculty 
appointments  needed  to  give  the  institute  the  desired  academic  ties.  Visit- 
ing professors  lectured  at  the  institute.  Institute  members  taught  at 
Cohi  nhia  and  oth**r  universities  and  became  faculty  advisers  to  doctoral 
candiuau*s  working  on  space  science  topics.  With  contracts  the  institute 
gave  several  hundred  thousand  dollars  worth  of  funding  support  annually 
to  university  research  of  mutual  interest.  Through  these  associations  the 
institute  became  a unique  experiment  in  government-university  relation- 
ships. 

\moiig  the  early  areas  of  interest  at  the  Goddard  Institute  for  Space 
Studies  were  lunar  and  planetary  research,  the  tirigin  of  the  solar  system, 
and  astrophysics  and  cosmology.  Studies  of  energy  balance  in  the  earth’s 
atmosphere  occupied  a great  deal  of  attention,  and  later  considerable  work 
was  done  on  predictability  in  the  earth’s  atmosphere,  a topic  central  to 
making  long-term  forecasts  of  weather  and  climate.  When  the  exciting 
possibilities  of  infrared  astronomy  became  apparent,  the  institute,  al- 
though predominantly  devoted  to  theoretical  research,  set  up  a small  ex- 
perimental activity  alongside  the  theoretical  work.56 

PajxTs  flowed  into  the  journals.  Many  of  the  work  sessions  gave  rise  to 
books  on  frontier  topics,  like  Jastrow  s Origin  of  the  Solar  System.'1  A.  W. 
Cameron  published  prodigiously  on  theoretical  investigations  into  the 
origins  of  the  solar  system,  trs,  and  other  celestial  objects. 

The  Goddard  Institute  »,»ve  NASA  a firm  connection  with  a number 
of  important  universities  and  w ith  a broad  spectrum  ot  working  scientists: 
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but  key  members  of  what  one  often  referred  to  as  the  scientific  establish- 
ment remained  aloof,  appaicntlv  not  hostile  so  much  as  indifferent.  So 
Jastrow  proposed  still  another  experiment*  a meeting  of  top  NASA  people 
with  foremost  leaders  of  the  scientific  community.  On  20-2!  June  1963,  at 
Airlie  House  near  Warrenton.  Virginia,  James  Webb.  Hugh  Dryden,  Harry' 
Goett.  and  the  author  listened  as  Jastrow.  Gordon  MacDonald,  and  others 
presented  to  the  elite  of  physics  in  the  United  States  (app.  I)  an  exciting 
review  of  the  kinds  of  problems  that  could  now  be  attacked  with  rockets 
and  spacecraft.  .*\n  interest  was  aroused,  and  the  group  agreed  to  meet 
periodically  to  keep  in  touch  with  the  space  program.  Formally  designated 
.is  the  Physics  Committee,  the  group  operated  more  as  a colloquium  than 
as  the  usual  advisory  committee.  Robert  Dicke  of  Princeton,  expert  on  rela- 
tivity and  cosmology.  became  its  first  chairman.**  Some  of  the  most  excit- 
ing experiments  for  the  NASA  space  science  program — in  such  areas  as 
x-ray  astronomy,  relativity,  and  cosmology — were  on  the  bill  of  fare.  As 
time  went  on  ideas  from  the  many  discussions  found  their  way  into  the 
flight  program  of  the  agency.  One  may  cite  as  examples  Bruno  Rossi's 
work  on  high-energy  astronomy,  the  work  of  Stanford  University  on  the 
relativistic  precession  of  accurate  gy lose opes  in  orbit,  and  the  cornet  reflec- 
tors implanted  on  the  mcx>n  by  the  Apollo  astronauts  to  support  precise 
geodetic  measurements. 

With  the  NASA  fellowship  program,  the  establishment  of  *hc  Goddard 
Institute  for  Space  Studies,  and  the  formation  of  the  NASA  Physics  Com- 
mittee. Jastrow  had  contributed  immeasurably  to  providing  NASA  with  a 
well  rounded  tie  to  the  university  community,  particularly  in  physics  and 
cosmology . Many  came  to  hope  that  the  Goddard  Institute  could  serve  as  a 
pattern  for  other  space  institute's — for  example,  in  lunar  research,  planetars 
studies,  and  astronomy,  as  the  Ramsey  Committee  seemed  to  favor  (p.  217). 
But  in  the  late  1960s  conditions  were  different  ironi  those  prevailing  when 
the  Goddard  Institute  had  been  established.  Setting  aside  the  question  of 
how  much  the  institute  s success  owed  to  Jast row’s  leadership,  special  dif- 
ficulties were  encountered.  Budgets  were  rising  in  the  early  I960-,  falling 
in  the  lattei  half.  The  |Ktttern  of  assex  iations  with  the  newly  font  ted  NASA 
still  had  to  be  develop!  in  the  early  years  of  the  agency,  while  in  the  late 
1960s  working  (latterns  and  vested  interests  had  already  been  established 
which  outside  scientists  would  lx*  loath  to  disturb.  Ne  vertheless,  following 
the  report  of  the  Ramsey  Committee.  Webb  wished  to  experiment  once 
more,  this  time  inmxhicing  a new  element,  that  of  the  university  con- 
sortium. 

Recognizing  that  there  would  lx*  a vast  store  of  lunar  samples  and 
other  lunar  data  housed  at  the  Johnson  Space  Center  and  that  the  center 
would  have  Lnilities  and  equipment  needed  to  analyze  and  study  these 
data.  Administrator  Webb  desired  to  evohe  some  mechanism  for  facilitat 
ing  the  use  of  those'  resources  by  outside  scientists,  particularly  university 
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researchers.  The  success  of  the  Goddard  Institute  for  Space  Siudies  sug- 
gested that  a lunar  institute  might  be  set  up  as  an  arm  of  the  Johnson 
Space  Center.  But  the  image  that  the  center  had  acquired  of  not  under- 
standing the  needs  of  science  or  being  particularly  interested  in  science 
made  such  an  arrangement  unattractive  to  many  outside  scientists — and 
also  to  the  Office  of  Space  Science  and  Applications  in  NASA 
Headquarters. 

Instead  of  an  institute  managed  by  the  center.  Webb  turned  to  the  pos- 
sibility that  an  institute  might  be  managed  b>  a university  or  a group  of 
universities.  Fred  Seiu.  president  of  the  National  Academy  of  Sciences, 
showed  an  interest.  An  existing  consortium.  University  Research  Asso- 
ciates, considered  setting  up  and  managing  an  institute  for  NASA.  The 
possibility  that  Rice  Institute  might  either  by  itself  or  as  one  of  a number 
of  universities  provide  the  desired  link  between  academia  and  the  resources 
of  the  Johnson  Space  Center  was  also  weighed.  In  the  end  a group  of 
universities  on  12  March  1969  formed  a new  consortium  called  the  Univer- 
sity Space  Rcsearc  h Association  and  took  over  management  of  the  Lunar 
Science  Institute,  which  in  its  impatience  NASA  had  already  set  up  with 
the  aid  of  the  Academy  of  Sciences  v}  The  new  institute  was  housed  in  a 
mansion  adjacent  to  the  Johnson  Space  Center,  provided  by  Rice  Institute 
and  refurbished  by  the  government.  At  once  the  Lunar  Science  Institute 
began  to  hold  scientific  meetings,  incite  visitors  to  use*  its  facilities,  and 
foster  lunar  research. 

The  pattern  of  activities  at  the  Lunar  Science  Institute  was.  at  least  on 
the  face  of  things,  similar  to  that  that  had  proved  so  successful  with  the 
Gcxfdard  Institute  for  Space  Studies.  But  the  LSI  at  the  end  of  the  19b0$ 
faced  a number  of  vicissitudes  that  the  Goddard  Institute  had  not  encoun- 
tered. For  example,  after  10  years  of  working  with  NASA,  some  academic 
sc  ientists  had  already  managed  to  overcome  the  previously  mentioned  dif- 
ficulties to  establish  fxrsonal  ties  with  the  Johnson  Space  Outer  and  did 
not  wish  to  set'  a new  organization  interposed.  In  contrast  foreign  scientists 
who  did  not  have  such  dost*  avsixiations  with  the  sjxice  center  found  the 
1-SI  a boon. 

On  its  part,  the  Johnson  Space  Center  was  ambivalent  about  LSI.  Suc  h 
an  institute  could  be  useful  in  working  with  the  scientific  community, 
serving  as  a buffer  when  difficult  issues  had  to  be  wrest  let!  with.  But  when 
the  institute's  managers  pressed  for  an  mdejx  ndent  research  program  phis 
rather  free  access  to  such  resources  as  Ajxdlo  lunar  samples  and  various 
lunar  data,  there  was  trouble,  which  occasional  personality  clashes 
enhanced. 

Most  fundamental,  howesei.  was  the  decline  of  NASA's  budgets  m the 
late  19h0s  and  early  1970s.  and  a number  of  times  NASA's  space  science 
managers  considered  withdrawing  financial  support  from  the  Lunar 
Science  Institute.  Fhe  Goddard  Institute  for  Space  Studio  was  also  beset  by 
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similar  financial  pressures,  but  its  established  position  in  the  NASA  family 
made  it  easier  to  weather  these  storms  than  it  was  for  the  Lunar  Science 
Institute,  which  still  had  not  had  enough  time  to  prove  itself. 

Thus,  while  the  Lunar  Science  Institute  could  not  be  called  a failure, 
its  success  in  the  severe  climate  in  which  it  was  launched,  was  an  uneasy 
one.  There  could  be  little  question  that  when  time  came  to  consider  estab- 
lishing an  astronomy  institute  in  support  of  an  orbiting  astronomical 
facility,  or  a planetary  institute  in  support  of  more  intensive  exploration  of 
the  solar  system,  such  propositions  would  receive  long  and  searching  scru- 
tiny before  being  implemented. 

A SiowHt  Pack 

Following  the  closeout  of  the  facility  grants  program  and  the  phasing 
down  of  the  training  grants,  the  sustaining  university  program  became  a 
low-key  operation.  It  was  used  to  stimulate  advanced  research  in  areas 
important  to  space  applications  and  to  provide  seed  grants  to  a large 
number  of  minority  institutions.  There  was  some  experimenting — for 
example,  with  the  development  of  new  engineering  curricula  in  the  uni- 
versities to  meet  mexiern  needs— but  the  earlier  flair  w as  gone.  Always  the 
largest  dollar  component  of  the  university  program,  the  project  grants  of 
the  technical  program  offices  became  the  main  thrust  of  NASA's  university 
program.  But  the  cutback  on  the  sustaining  university  program  had  its 
mi j m<i  on  the  projec  t giants.  In  s|xue  science,  (or  example,  more  inonev 
than  before  had  to  lx*  devoted  to  support  ot  the  more  advanced  research  to 
lay  the  groundwork  for  s|Ktcefiighi  experiments,  much  of  which  had  come 
out  of  the  graduate  research  projects  of  NASA  space  science  trainees.  The 
effect  was  not  easv  to  measure,  but  there  were  tangible  signs.  Program 
managers  found  it  more  difficult  to  provide  step  funding  than  before,  and 
earlier  step  funding  was  often  allowed  to  lapse*  to  gain  a year’s  funding  and 
thereby  ease  the  current  squeeze  on  the  budget.  Thus,  although  the  total 
university  program  remained  in  the  vicinity  of  $100  million  per  year,  the 
more  liberal  flavor  that  had  ensured  a considerable  continuity  of  support 
and  bad  afforded  the  universities  the  ability  to  plan  future  staffing  and 
research  projects  in  a rational  manner,  was  gone. 
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As  with  its  predecessor,  the  National  Advisory  Committee  for  Aero- 
nautics, NASA’s  principal  technical  strength  lay  in  the  field  centers.  At  tlie 
time  of  the  metamorphosis  into  an  aeronautics  and  space  agency',  NACA 
had  three  principal  centers:  the  Langley'  Aeronautical  Laboratory  near 
Hampton.  Virginia:  the  Ames  Aeronautical  Laboratory  at  Moffett  Field, 
California:  and  the  Lewis  Flight  Propulsion  Laboratory'  in  Cleveland.  In 
addition  there  was  a High  Speed  Flight  Station  at  Edwards  Air  Force  Base 
in  California  and  a small  rocket  test  facility  on  the  Virginia  coast  at  Wal- 
lops Island.1  The  first  four  of  these  became  under  NASA  the  Langley, 
Ames,  Lewis,  and  Flight  Research  Centers,  the  research  orientation  of 
which  Deputy  Administrator  Hugh  Dryden  was  so  desirous  of  protecting. 
Wallops  Station  was  assigned  primarily  to  the  space  science  program. 

To  the  former  NACA  installations,  NASA  added  six  more:  the  Goddard 
Space  Flight  Center  in  Greenbelt,  Mary  land;  the  Jet  Propulsion  Laboratory 
in  Pasadena:  the  John  F.  Kennedy  Space  Center  at  Merritt  Island.  Florida; 
the  George  C.  Marshall  Space  Flight  Center  in  Huntsville.  Alabama;  the 
Lyndon  B.  Johnson  Space  Center  (which  for  many  years  was  known  as  the 
Manned  Spacecraft  Center)  in  Houston:  and,  briefly,  an  Electronics  Re- 
search Center  in  Cambridge,  Massachusetts,  which  was  transferred  to  the 
Department  of  Transportation.1'  A sizable  facility  for  testing  large  rocket 
engines  was  established  in  Mississippi  not  far  from  New  Orleans  and 
placed  administratively  under  Matshall,  which  had  prime  responsibility 
for  the  Saturn  launch  vehicles  used  in  the  Apollo  and  Skylab  programs.3 
The  Jet  Propulsion  laboratory  and  Marshall  were  transferred  to  NASA 
from  the  Army;  the  others  were  created  by  NASA.  As  its  original  name 
suggests.  Johnson  was  in  charge  of  the  Mercury.  Gemini,  and  Apollo 
spacecraft  and  most  of  the  research  and  development  was  related  to  those 
programs.4  Kennedy,  originally  the  launch  Operations  Directorate  of  Mar- 
shall, provided  launch  support  services  for  both  manned  and  unmanned 
programs,  but  the  former  required  by  far  the  greater  capital  investment  and 
manpower.5  Both  Goddard  and  the  Jet  Propulsion  Laboratory  were  prin- 
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ci pal  centers  for  the  space  science  program,  the  former  for  scientific  sateF 
lites,  the  latter  for  planetary  probes. 

Management  at  headquarters  guided  the  space  program,  directed  the 
overall  planning,  developed  and  defended  the  budget  for  the  agency,  and 
fostered  the  kinds  of  external  relations  and  general  support  that  the  space 
program  needed.  In  a very  real  sense  headquarters  people  labored  at  the 
center  of  action  where  the  political  decisions  were  made  that  permitted  the 
space  program  to  proceed.  Yet  the  story  of  headquarters  activity  is  mostly 
one  of  context,  of  background — essential,  indispensable,  but  background 
nevertheless — against  which  the  actual  space  program  was  conducted.  Re- 
search, the  essence  of  the  space  science  program,  was  done  by  scientists  at 
NASA  centers,  in  universities,  and  at  private  and  industrial  labot atones. 

It  follows  that  the  mainstream  of  space  science  must  be  traced  through 
the  activities  of  these  institutions.  The  important  role  of  the  universities 
was  the  subject  of  the  preceding  chapter.  YVith  occasional  exceptions,  like 
the  upper  atmospheric  research  of  the  Geophysical  Research  Corporation 
of  America  and  the  pioneering  work  of  American  Science  and  Engineering 
in  x-ray  astronomy,6  the  contribution  of  industry  was  more  to  the  devel- 
opment and  flight  of  space  hardware  than  to  conducting  scientific  research. 
It  remains,  then,  to  take  a look  at  the  part  played  by  the  NASA  centers. 

The  principal  space  science  centers  were  the  Goddard  Space  Flight 
Center  and  the  Jet  Propulsion  Laboratory  (JPL  being  operated  by  Califor- 
nia Institute  of  Technology  under  contract  to  NASA).  Wallops  Island, 
which  for  a time  was  placed  administratively  under  Goddard,  provided 
essential  support  to  the  sounding  rocket  and  Scout  launch  vehicle  pro- 
grams.7 But  not  all  NASA  space  science  was  done  at  these  centers.  The 
Ames  Research  Outer  managed  the  Pioneer  interplanetary  probes  and  took 
the  lead  in  space  biology  and  exobiology — a term  coined  to  denote  the 
search  for  and  investigation  of  extraterrestrial  life  or  life-related  processes. 
Langley  had  responsibility  for  the  Lunar  Orbiter  and  later  the  Viking  Mars 
probe.  Most  notable  was  the  lunar  research  fostered  by  Johnson  in  the 
early  1970s  with  the  samples  of  the  moon  and  other  Apollo  lunar  data, 
which  for  a time  made  Houston  a veritable  Mecca  for  lunar  scientists.8 
But  Apollo  lunar  science  was  an  exception  generated  by  the  special  nature 
of  the  manned  lunar  exploration  program;  and.  generally.  Dry  den's  policy 
stood  in  the  way  of  more  than  a limited  participation  of  the  research  cen- 
ters in  space  projects. 

Over  the  years  the  NASA  centers  built  up  an  enviable  reputation  of 
success  on  all  fronts,  in  manned  spaceflight,  space  applications,  and  space 
science.  In  the  last  mentioned,  by  1970  Goddard  had  flown  more  than  1000 
sounding  rockets,  more  than  40  Explorer  satellites,  6 solar  observatories,  6 
geophysical  observatories,  and  3 astronomical  observatories,  most  of  them 
successfully.  In  applications  Goddard  enjoyed  comparable  or  better  success 
rates  with  weather  and  communications  satellites.  The  ex|x*rience  of  the 
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Jet  Propulsion  Laboratory  was  similar.  By  the  end  of  the  1960s  JPL  had 
sent  3 Rangers  and  5 Surveyors  on  successful  missions  to  the  moon  and 
dispatched  5 Mariners  to  Mars  and  Venus.9  These  achievements  are  bound 
to  be  recounted  repeatedly  and  will  rightfully  be  judged  as  success  stories. 
Success,  however,  was  not  bought  without  a price  of  some  mistakes,  tern- 
porary  failures,  and  occasionally  severe  personal  conflict,  which  form  an 
instructive  part  of  the  total  History.  In  reviewing  the  struggles  and  prob- 
lems that  preceded  the  achievements,  a proper  sense  of  perspective  is  im- 
portant. for  troubles  often  tend  to  magnify  themselves  in  the  eve  of  the 
beholder.  The  difficulties  were,  after  all,  overcome  in  the  ultimate  successes 
that  were  achieved.  Still,  as  part  of  the  total  story,  perhaps  as  illustrating 
the  natural  and  usual  course  of  human  undertakings,  those  difficulties  are 
important  to  the  historian.  They  should  also  be  instructive  to  later  man- 
agers. Thus,  without  at  all  deprecating  their  splendid  achievements,  it  is 
appropriate  to  delve  briefly  in  this  and  the  next  chapter  into  some  of  the 
trials  endured  by  the  Goddard  Space  Flight  Center  and  the  Jet  Propulsion 
Laboratory. 


The  Character  or  the  Fin  n Centers 

The  different  centers  in  NASA  had  distinctive  personalities  that  one 
could  sense  in  dealing  with  them.  As  might  be  expected  the  former  NACA 
laboratories  kept  as  NASA  centers  many  of  ;he  characteristics  they  had 
acquired  in  their  previous  incarnation.  One  trait  was  the  fierce  organiza- 
tional loyally  that  had  been  displayed  as  part  of  NACA.  Thus,  while  offi- 
cials at  those  centers  were  convinced  that  the  real  power  of  the  agency  lay 
in  the  centers  and  felt  very  strongly  that  they  should  have  some  voice  in 
formulating  orders,  and  also  that  once  given  an  assignment  they  should  be 
left  alone  to  ram  it  out,  they  also  recognized  that  the  ultimate  authority 
lay  in  headquarters.  Given  marching  orders  they  would  manh  much  as 
ordered. 

The  new  centers  in  NASA  had  their  difficulties  in  this  regard,  to  vary- 
ing degree's.  The  Marshall  center  reflected  the  background  and  personality 
of  its  leader.  Went  her  von  Braun,  and  his  team  of  German  rocket  experts. 
Bold,  with  a bulldog  determination,  undaunted  bv  the  sheer  magnitude  of 
a project  like  Saturn,  thev  could  hardly  be  deterred  by  request  or  by  com- 
mand from  their  plotted  course.  The  effort  to  superim|>ose  the  Juno  space 
science  launchings  and  the  Centaur  launch  vehicle  development  on  the 
Marshall  team,  when  Saturn  represented  its  real  aspiration,  simply  did  not 
work  out.  The  Juno  launchings  had  to  be*  canceled  after  a string  of  dismal 
failures,  which  space  science  managers  at  headquarters  felt  were  caused  by 
lack  of  sufficient  attention  on  the  part  of  the  center.10  Centaur,  in  the  midst 
of  congressional  investigation  into  poor  progress,  was  reassigned  to  the 
Lewis  Research  Center.11  The  Manned  Spacecraft  Center  developed  an 
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arrogance  born  of  unbounded  self-confidence  and  possession  of  a leading 
role  in  the  nation's  number-one  space  project.  Apollo.  A combination  of 
self-assurance,  the  need  to  be  meticulously  careful  in  the  development  and 
operation  of  hardware  for  manned  spaceflight,  plus  a general  disinterest  in 
the  objectives  of  space  science  as  the  scientists  saw  them,  led  to  extreme 
difficulties  in  working  with  the  scientific  community.  But  the  art  of  being 
difficult  was  not  confined  to  the  manned  spaceflight  centers.  Vn  this  both 
the  Goddard  Space  Flight  Center  and  the  Jet  Propulsion  Laboratory  were 
worthy  competitors.  So.  too.  was  headquarters,  for  that  matter. 

The  Goddard  Space  Flight  Center's  collective  personality  stemmed 
from  its  space  science  origins.  As  the  first  new*  laboratory  to  be  established 
by  NASA.  Goddard  inherited  most  of  the  programs  and  activities  of  the 
International  Geophysical  Year,  like  the  Vanguard  satellite  program  and 
the  Minitrack  tracking  and  telemetering  network.  Also,  many  of  the  sci- 
entists and  engineers  of  the  Rocket  and  Satellite  Research  Panel  and  the 
IGY  sounding  rocket  and  scientific  satellite  programs  joined  Goddard  to 
make  up.  along  with  the  Vanguard  team,  the  nucleus  out  of  w the 
center  developed.  These  origins  indelibly  stamped  Goddard  as  a spotr*  sci- 
ence center,  even  though  science  accounted  for  only  about  one-third  of  the 
laboratory's  work  (and  by  the  nature  of  things,  most  of  that  effort  went 
into  the  development,  testing,  and  operation  of  sounding  rockets,  space- 
craft. and  space  launch  vehicle's  required  for  the  scientific  research).  In 
actuality  only  a small  fraction  of  the  Goddard  Space  Flight  Center's  per- 
sonnel was  engaged  in  space  science  research.  Nevertheless,  the  presence  of 
those  persons  in  key  positions,  which  they  came  to  fill  as  charter  members 
of  the  laboratory  , imparted  to  the  center  a character  that  accounted  simul- 
taneously for  its  success  in  space  science  and  for  many  of  the  difficulties 
experienced  with  upper  levels  of  management. 

As  professional  scientists,  these  persons  were  by  training  and  experience 
accustomed  to  deciding  for  themselves  what  ought  to  be  done  in  their  re- 
searches.  While  subjecting  themselves  to  a rigorous  self-discipline  required 
to  accomplish  their  investigations,  they  nevertheless  approached  their  work 
in  a highly  individualistic  manner.  They  questioned  every  thing,  including 
orders  from  above.  While  they  could  and  did  work  effectively  as  groups, 
their  cooperation  included  a great  deal  of  debate  and  free-wheeling  ex- 
change on  what  was  best  to  do  at  each  stage.  To  trained  engineers  in 
NASA — for  whom  a smoothly  functioning  team,  accepting  orders  from  the 
team  leader  as  a matter  of  course,  was  the  professional  way  of  going  about 
things — the  seemingly  casual  approach  of  the  Goddard  scientists  looked 
too  undisciplined  to  work. 

The  Goddard  scientists  had  also  been  accustomed  to  determining  their 
own  objectives  and  pacing  themselves  as  they  thought  best.  The  accom- 
plishment of  an  experiment  that  produced  significant  new  information 
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was  whai  counted:  costs  and  schedules  were  secondary.  That  a project  took 
longer  to  carry  out  than  had  originally  been  estimated  was  of  little  conse- 
quence so  long  as  the  project  sum  ded,  particularly  if  the  additional  time 
was  put  to  good  use  improving  an  experiment  and  ensuring  success.  This 
peculiarly  science-related  sociology  of  the  space  scientists  at  Goddard  rein- 
forced the  tensions  that  naturally  come  into  play  between  a headquarters 
and  the  field  in  large  organizations,  and  led  to  a major  confrontation  in 
the  mid-1960s. 


Field  verm's  Headquarters 

Headquarters  and  field  in  any  effective  and  productive  organization 
support  each  other,  working  as  a team  in  the  pursuit  of  common  goals— 
those  of  the  organization.  Yet  many  aspects  in  even  the  most  normal  of 
headquarters-field  relationships  serve  to  pit  one  against  the  other  at  times. 
When  circumstances  exacerbate  those  normal  centrifugal  tendencies,  serious 
trouble  can  arise.  To  understand  the  nature  of  the  problem,  a few*  words 
about  the  difference  in  headquarters  and  center  jobs  in  a technical  organi- 
zation like  NASA  are  in  order. 

At  the  heart  of  the  difference  is  the  matter  of  programs  and  projects. 
The  raison  d etre  of  an  agency  is  reflected  in  its  various  programs,  where 
the  term  program  is  used  to  mean  a long-term,  continuing  endeavor  to 
achieve  an  accepted  set  of  goals  and  objectives.  NASA’s  overall  program  in 
space  included  the  exploration  of  the  moon  and  the  planets,  scientific  in- 
vestigations by  means  of  rockets  and  spacecraft,  and  the  development  ol 
ways  of  applying  space  methods  to  the  solution  of  important  practical 
problems.  Each  of  these  programs  could  be.  and  when  convenient  was, 
thought  of  as  a complex  of  subprograms,  such  as  a program  to  develop 
and  put  into  use  satellite  meteorology,  a program  to  improve  communica- 
tions by  means  of  artificial  satellites,  or  a program  to  investigate  the  nature 
of  the  cosmos.  Barring  an  arbitrary  decision  to  call  a halt,  one  could  foresee 
no  reason  why  these  programs,  inc tiding  the  subprograms,  should  not  con- 
tinue indefinitely.  Certainly,  if  past  experience  is  a good  indicator,  the  effort 
to  understand  the  universe  must  continue  to  turn  up  new  fundamental 
questions  as  fast  as  old  ones  are  answered.  As  for  exploration,  the  vastness 
of  space,  even  of  that  rela#*vely  tiny  portion  of  the  universe  occupied  by  the 
solar  system,  is  so  great  that  generations  could  visit  planets  and  satellites 
and  still  leave  most  of  the  job  undone.  And  it  would  be  a long  while  before 
diminishing  returns  would  call  for  an  end  to  applications  programs. 

I’nlike  a program,  a project  was  thought  of  as  of  limited  duration  and 
scope,  as.  for  example,  the  Explorer  / / project  to  measure  gamma  rays  from 
the  galaxv  and  intergalactic  space.  A program  was  carried  out  bv  a contin- 
uing series  of  projec  ts,  and  at  any  given  time  the  agency  would  be  conduct- 
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ing  a collection  of  projects  designed  to  move  the  agency  a number  of  steps 
toward  the  agency’s  programmatic  goals  and  objectives.  The  Explorer  1 1 
project  contributed  to  the  programmatic  objective  of  understanding  the 
universe  by  determining  an  upper  limit  to  the  rate  of  production  of  gamma 
rays  in  intergalactic  space,  which  eliminated  one  candidate  version  of  the 
continuous  creation  theory  of  the  universe. 

A project  like  a sounding  rocket  experiment  might  be  aimed  at  only  a 
single  specific  objective,  last  only  a fewr  months  or  a year,  and  cost  but  a 
few*  tens  of  thousands  of  dollars.  Or  a project  could  require  a series  of  space 
launchings,  many  tens  or  even  hundreds  of  millions  of  dollars,  and  take 
years  to  accomplish.  The  Lunar  Orbiter,  w’ith  five  separate  launchings  to 
the  moon,  and  the  Mariner-Mars  project  that  sent  two  spacecraft  to  Mars  in 
1971  w?ere  examples.  Some  projects  were  huge  in  every  aspect,  as  was 
Apollo  In  fact,  because  of  its  size  and  scope,  Apollo  was  more  often  than 
not  referred  to  as  a program,  although  more  properly  Apollo  should  be 
thought  of  as  a mammoth  project  which  served  several  programs,  among 
them  the  continuing  development  of  a national  manned  spaceflight  capa- 
bility, the  exploration  of  space,  and  the  scientific  investigation  of  the  moon. 

With  these  definitions  of  program  and  project  in  mind,  one  can  de- 
scribe rather  simply  the  difference  between  headquarters  and  center  jobs. 
Headquarters  was  concerned  primarily  with  the  programmatic  aspects  of 
what  NASA  was  up  to.  whereas  the  task  of  the  centers  was  mainly  to  carry 
out  the  many  projects  that  furthered  the  agency's  programs.  The  distinction 
is  a valid  but  not  a rigid  one.  Occasionally  headquarters  people  partici- 
pated in  project  work,  but  this  was  an  exception  to  the  general  rule.  The 
most  notable  exception  was  Apollo,  the  size  and  scope  of  w hich  were  such 
as  to  make  the  administrator  feel  that  the  uppermost  levels  of  management 
for  the  project  should  be  kept  in  Washington.  Nevertheless,  the  prime  task 
of  headquarters,  working  with  the  centers  and  numerous  outside  advisers, 
was  to  put  together  the  NASA  program,  to  decide  on  the  projects  best 
designed  at  the  moment  to  carry  out  the  program  and  assign  them  to  the 
appropriate  centers  for  execution,  and  to  foster  the  external  relationships 
that  would  generate  the  necessary  support  for  the  programs  and  projects. 
As  an  essential  concomitant  to  programming,  much  time  was  occupied  in 
preparing  budgets,  selling  them  to  the  administration,  and  defending  them 
before  Congress. 

Also,  each  center,  while  project-oriented,  had  its  center  programs 
toward  which  the  center  directed  its  own  short-  and  long-range  planning. 
Thus,  the  research  centers  conducted  programs  of  advancing  aeronautical 
and  space  technology.  In  addition  to  a program  of  space  science,  the  God- 
dard Space  Flight  Center  pursued  extensive  programs  of  space  applications 
and  space  tracking  and  data  acquisition,  with  tracking  and  acquisition 
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occupying  almost  40  percent  of  the  center’s  manpower.  Unmanned  investi- 
gation of  the  solar  system  was  the  Jet  Propulsion  Laboratory’s  principal 
program. 

Although  the  qualifications  should  be  kept  in  mind  to  have  the  correct 
picture,  nevertheless  the  main  distinction  between  the  responsibilities  of 
headquarters  and  those  of  the  centers  is  clear.  Center  personnel  members 
were  primarily  occupied  with  project  work,  w'hile  headquarters  people 
spent — or  should  have  spent— their  time  on  program  matters.  That  is  where 
difficulties  arose,  for  numerous  pressures  drove  headquarters  managers  to 
get  involved  in  project  or  project-related  work.  Such  actions  could  only  be 
regarded  by  a center  as  undue  interference  from  above. 

Naturally,  NASA  space  science  managers  were  vitally  interested  in 
what  was  happening  in  the  various  space  science  projects.  They  were  re- 
sponsible for  proper  oversight.  But  there  was  more  to  it  than  that;  project 
work  was  where  the  action  was.  That  was  where  interesting  problems  were 
being  attacked  and  where  exciting  results  were  being  obtained.  Alongside 
project  work,  programmatic  planning  often  seemed  like  onerous  drudgery. 
As  a consequence  oversight  tended  to  degenerate  into  meddling,  to  the  dis- 
tress of  project  managers  and  center  directors.  Even  when  headquarters 
managers  took  pains  to  couch  their  thoughts  in  the  form  of  mere  sugges- 
tions. their  positions  in  headquarters  made  suggestions  look  more  like 
orders.  That  program  chiefs  in  headquarters  occupied  staff,  not  line,  posi- 
tions often  was  lost  sight  of  in  the  shuffle,  and  some  headquarters  manag- 
ers became  adept  at  wielding  what  amounted  in  practice  to  line  authority. 

To  this  natural  tendency  to  get  into  the  act  were  added  the  pressures  of 
the  job.  As  the  NASA  program  grew  in  size,  scope,  and  expense,  upper 
levels  of  management  demanded  more  and  more  detail  on  schedules,  costs, 
and  technical  problems.  Nor  was  the  demand  for  information  confined  to 
NASA  management.  Becoming  increasingly  familiar  with  the  programs 
and  their  projects,  the  legislators  also  demanded  w hat  seemed  an  impossible 
amount  of  detail,  either  to  provide  while  still  getting  the  job  done  or  for 
the  congressmen  to  assimilate.  On  the  science  side,  members  of  the  author- 
izing subcommittee  in  the  House,  under  Chairman  Joseph  Karth  of  Minne- 
sota. frequently  concerned  themselves  with  the  details  of  engineering  design 
decisions  and  were  not  loath  to  second-guess  space  project  engineers  on 
matters  that  seemed  to  NASA  people  to  lie  beyond  the  competence  of  the 
legislators  to  judge.  An  example  of  this  searching  interest  was  furnished  by 
the  investigation  of  the  Centaur  liquid-oxygen  and  liquid-hydrogen  fueled 
rocket  stage  which  Earth’s  subcommittee  undertook  in  1962.  NASA  and 
contract  engineers  found  it  difficult  to  defend  the  propel  lam  feed  system 
which  they  had  c hosen  ai  d which  could  be*  shown  to  lx*  most  efficient  for 
a rocket  the  size  of  Centaur,  against  a different  system  for  which  the  con- 
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gressmen  expressed  a preference  and  which  admittedly  would  likely  have 
more  growth  potential.12 

Because  of  this  increasing  demand  for  information  of  various  kinds, 
headquarters  in  turn  demanded  of  the  centers  the  detailed  reporting  that 
centers  felt  was  appropriate  for  project  managers  but  went  far  beyond  what 
headquarters  really  needed.  While  program  managers  were  willing  to  con- 
cede mat  the  information  they  were  calling  for  was  more  than  they  ought 
to  need,  yet  they  were  caught  in  the  middle;  to  do  their  jobs  as  circum- 
stances were  shaping  them,  they  did  need  the  data.  They  were  forced,  there- 
fore, to  insist,  and  the  extensive  reporting  required,  with  its  implied  in- 
volvement of  headquarters  with  what  were  strictly  center  responsibilities, 
remained  as  a continuing  source  of  irritation. 

The  irritation  transferred  to  headquarters  when  centers  were  late  or 
deficient  in  their  reporting,  especially  when  a center  simply  refused,  some- 
times through  foot  dragging,  sometimes  in  open  defiance,  to  supply  the 
information  requested.  A center  might  be  reluctant  to  respond  when  it  felt 
that  the  request  was  premature,  that  the  data  were  not  yet  properly  devel- 
oped, and  that  the  center  might  later  be  called  to  task  if  the  information 
supplied  prematurely  turned  out  to  be  incorrect. 

A related  source  of  irritation  arose  in  connection  with  the  center’s  man- 
agement process.  At  almost  any  time  throughout  the  year  a program  man- 
ager might  be  called  upon  to  furnish  information  about  projects  in  his 
program.  It  was  essential,  therefore,  for  him  to  be  continuously  aware  of 
the  status  of  projects  on  which  he  might  have  to  report.  For  this  it  was  not 
enough  to  rely  on  written  reports  which  came  only  so  often.  In  addition, 
space  science  program  managers  kept  in  close  touch  w ith  the  project  man- 
agers and  attended  many  of  the  meetings  held  by  the  project  managers 
with  their  staffs  and  with  contractors’  representatives.  This  practice  came 
to  be  a particularly  sore  point  with  the  management  of  Goddard  Space 
Flight  Center. 


Strains  on  the  Family  Tit 

The  Goddard  Space  Flight  Center  and  NASA  Headquarters,  only  half 
an  hour’s  drive  apart,  were  connected  by  close  ties.  Between  the  two  staffs, 
many  personal  associations  dated  from  the  days  of  the  Rocket  and  Satellite 
Research  Panel  and  the  sounding  rocket  and  satellite  programs  of  the 
International  Geophysical  Year.  An  easy  relationship  existed  from  the  very 
start  of  the  center.  John  Townsend — who  served  as  acting  director  of  the 
center  until  the  permanent  director,  Harry  Goett,  formerly  of  N.»CA’s 
Ames  Aeronautical  Laboratory,  took  over — had  been  associated  with  John 
Clark  and  the  author  at  the  Naval  Research  Laboratory.  For  many  years 
Townsend  had  been  the  author’s  deputy  in  the  NRL’s  Rocket  Sonde  Re- 
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search  Branch.  Harry  Goett  and  Eugene  Wasielew'ski,  n Goetl  brought 
into  Goddard  as  associate  director,  had  long  been  acquainted  with  Abe  Sil- 
verstein  from  the  days  of  the  National  Advisory'  Committee  for  Aeronautics. 
These  friendships  served  to  mitigate  the  divisive  forces  between  head- 
quarters and  field,  but  were  not  enough  to  avc*t  an  ultimate  break. 

Harry  Goett  assumed  the  directorship  of  Goddard  in  September  1959. 
As  was  his  nature  he  quickly  entered  personally  into  every  aspect  of  the 
center's  work.  From  his  first  day  until  he  left,  he  kept  in  close  touch  with 
every  project.  As  an  untiring  battler  for  the  center  and  his  people.  Goett 
endeared  himself  to  his  coworkers.  He  was  a warm,  emotional  person  who 
showed  a deep  interest  in  the  men  and  women  working  for  him.  and  on 
both  sides  a deep  affection  developed. 

In  the  first  weeks  and  months  of  NASA’s  planning  for  its  program, 
many  center  people  had  been  drawn  into  headquarters  working  groups  to 
help  get  things  under  way.  But  as  center  project  work  grew’,  these  assign- 
ments, w hich  tended  to  persist,  began  to  interfere  w ith  center  duties.  Find- 
ing Goddard  people  still  working  on  headquarters  tasks  a year  af'er  NASA’s 
start,  Harry  Goett  began  to  protest  that  his  person  *1  should  be  relieved  as 
fast  as  possible  of  these  addite  nal  duties.  On  the  her  hand,  center  peo- 
ple’s taking  part  in  headqu-.ters  planning  was  advantageous  to  the  center. 
Both  organizations  tried  to  keep  center  participation  within  reasonable 
bounds. 

As  Goett.  Townsend,  and  their  people  built  up  Goddard  and  launched 
their  initial  projects,  program  managers  were  developing  their  own  methc#ds 
of  keeping  themselves  and  their  superiors  informed.  Simultaneously  the 
Congress  w as  increasing  its  demand  for  detailed  information,  which  it  was 
incumbent  on  headquarters  to  supply.  As  the  requirements  for  reporting 
increased,  project  managers  complained  that  they  were  spending  toe  much 
time  w ith  program  managers  and  in  preparing  reports,  time  that  would  be 
better  spent  in  getting  on  w ith  the  projects.  In  mo  ang  crescendo  Goett 
complained  to  the  author  and  his  deputy  in  the  h.ea  ^quarters  space  science 
office,  Edgar  M.  Cortright.  that  headquarters  managers  were  getting  in  the 
way  of  center  management.  Goett  urged  that  b^adquartets  people  keep  their 
hands  off  projec  t management. 

While  agreeing  in  principle  with  the  Goddard  director,  Cortright  and 
the  author  strove  to  get  him  to  see  that  in  the  existing  climate  of  continu- 
ing congressional  scrutiny,  keeping  informed  was  an  important  part  of 
headquarter.-,  work.  That,  space  sc  ience  management  insisted,  was  an  ab- 
solutely essential  part  of  the  program  manager’s  job,  but  not  to  usurp  the 
project  manager’s  duties  or  to  interfere  w ith  his  work.  Cortright  and  the 
author  urged  upon  their  people  great  care  in  working  with  the  project 
managers  to  avoid  any  kinds  of  action  that  would  undercut,  or  appear  to 
undercut,  the  project  manager’s  responsibilities  and  authority.  It  was  no 
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advantage  10  the  program  for  any  projec  manager  10  feel  that  his  responsi- 
bilities had  been  in  any  way  lifted  from  his  shoulders. 

Headquarters  was  far  from  Simon  pure  in  these  matters,  unfortunately, 
and  there  was  considerable  justice  in  Goett’s  complaints.  The  natural  urge 
to  meddle  plus  the  incessant  pressure  to  keep  informed  led  many  program 
managers  to  get  into  the  project  business.  Sometimes  this  led  to  strong 
adversary  relations  between  program  and  project  managers;  at  other  times 
to  close  "buddy-buddy"  relations.  Both  situations  caused  problems  for  cen- 
ter management  and  called  for  continuing  attention. 

By  the  fall  of  1962.  Goett  found  the  situation  so  disturbing  that  he  felt 
impelled  to  complain  openly  at  a NASA  management  meeting  held  at  the 
Langley  Research  Center  that  headquarters  got  too  much  into  projects  and 
should  stick  to  program  management.  His  barbs  were  aimed  not  only  at 
space  science  managers,  but  also  at  those  responsible  for  applications  pro- 
grams and  for  tracking  and  data  acquisition.  He  fell  (hat  there  was  not 
enough  contact  between  the  center  director  and  the  associate  administra- 
tor.13 Goett  also  felt  he  did  not  have  enough  contact  with  the  author.  The 
last  complaint  stemmed  from  the  mode  of  management  the  author  had 
adopted.  abo'»t  which  a few*  words  are  in  order. 

Being  a sc ier.rist.  the  author  feh  it  wise  to  name  as  deputy  an  engineer 
whose  training  and  experience  would  complement  his  own.  Edgar  M. 
Cortright.  an  aeronautical  engineer  with  considerable  research  experience 
in  the  National  Advisory  Committee  for  Aeronautics,  filled  the  bill  very 
nicely  An  implication  >f  this  philosophy  of  organization  was  that  the 
depute  should  be  more  than  an  understudy,  more  than  just  someone  to  sit 
in  when  the  principal  was  away.  Rather,  the  deputy  should  take  responsi- 
bility for  important  aspects  of  the  top  management  job  that  came  within 
his  sphere  ot  expertise.  This  was  the  arrangement  agreed  on  between  Cort- 
right and  the  author.  Cortright  would  handle  engineering  matters,  which 
meant  oversight  of  much  of  the  project  work,  dealing  w ith  contractors,  and 
a great  deal  of  the  relations  with  th^  space  science  centers.  The  author 
would  work  on  program  planning,  advisory  committees,  and  most  of  the 
space  science  program  s external  relations  including  those  w ith  the  Acad- 
emy of  Scienc  e,  the  scientific  community,  and  the  universities.  Such  an 
arrangement  had  worked  well  at  the  Naval  Research  Laboratory,  where 
John  Townsend's  engineering  and  experimental  bent  had  complemented 
the  author  s theoretical  background.  Moreover,  in  addition  to  providing 
the  top  level  of  management  in  the  office  w i.a  talents  and  experience  com- 
plementing those  of  the  director,  ir  was  an  effective  way  of  providing  a 
deputy  with  substantive  work  and  to  continue  his  professional  growth.  A 
deputv  w ith  nothing  more  to  do  than  to  wait  ..round  for  the  principal  to 
be  away  must  find  life  deadly  dull,  unrewarding,  and  stultifying. 
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Gilder  this  arrangement,  problems  of  the  kind  Goett  wa»  wrestling  with 
would  normally  have  been  taken  up  by  Cortright.  But  Goett  was  not  will- 
ing to  deal  with  a deputy.  As  director  of  the  Goddard  Onter — even  though 
the  author  was  meticulously  careful  to  support  agreements  Cortright 
worked  out — Goett  felt  that  he  should  deal  directly  with  the  principal  in 
the  office  for  which  the  center  was  working,  lender  the  circumstances  the 
author  took  so:  pains  to  make  it  clear  that  he  was  available  to  Goett  at 

any  time,  yet  .y  ressed  the  hope  that  Goett  would  work  with  Cortright  in 
the  normal  couise  of  day-to-day  matters. 

I'he  strain  caused  bv  the  |woject-managemem  versus  program-manage- 
ment conflict  took  increasing  amounts  of  time  and  a tent  ion.  A great  deal 
of  the  lime  spent  with  Goett  was  devoted  to  this  problem.  John  Townsend, 
Goetfs  man  for  space  science  matters,  pointed  out  that  if  a program  man- 
ager had  only  one  projec  t under  way  in  his  program,  then  it  became  very 
difficult  to  draw  a line  between  program  and  project,  and  the  pressure  on 
the  program  manager  to  get  into  project  management  was  overwhelming. 
Townsend  recommended  that  programs  be  put  together  in  such  a way  that 
a program  manager  would  have  several  projects  to  deal  with.  I aider  such 
an  arrangement  a program  manager  could  no  longer  give  the  single-minded 
attention  required  bv  a project,  and  should  find  it  much  easier  to  confine 
himself  to  program  matters.  Cortright  and  the  author  agreed  and  tried  to 
avoid  single-project  programs. 

Goett  frointed  out  that  it  was  not  just  the  cast's  in  which  pregram  and 
projec  t managers  were  at  odds  that  gave  trouble.  When  the  two  got  along 
well  together,  often  they  would  team  up  to  promote  their  project  over  other 
projects  which  the  center  management — taking  into  account  existing  con- 
straints on  dollars,  manpower,  and  facilities — might  judge  to  be  more  ap- 
propriate. Thus,  program  and  projec  t managers  working  hand  in  glove  for 
their  own  projects — jxThaps  to  enlarge  them  or  to  extend  them  beyond 
existing  commitments — were  not  always  working  for  *he  best  interests  of 
the  center. 

Goett  was  most  disturbed  to  have  program  managers,  in  the  name  of 
keeping  in  touch,  attend  meetings  with  outside  contractors.  K\en  if  the 
headquarters  |xople  came  w ith  the  determination  to  keep  their  mouths 
shut,  contractors'  representatives  had  a |ienchant  for  tossing  questions  to 
the  headquarters  representatives,  w ith  the  implication  that  that  was  where 
the  final  word  would  lie.  And  when  headquarters  fxople  cJid  volt:  *teer 
comments,  their  comments  tended  to  take  on  more  weight  than  the  word 
of  the  project  manager.  These  difficulties  became  even  worse  when  the 
headquarters  man  was  technically  more  competent  than  the  project  man- 
ager—which  Goett  didn’t  feel  could  happen  very  often.  In  that  case  the 
project  manager  tended  to  defer  to  the  headquarters  person  for  decisions 
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and  rerommendattons  that  the  project  manager  should  make  himself,  and 
the  contractors  were  easily  confused  as  to  who  was  calling  *he  shots. 

Goett’s  solution  to  these  problems  would  have  been  to  keep  program 
managers  away  from  project  management  meetings,  and  especially  away 
from  meeting  with  contractors.  Considering  the  program  manager’s  basic 
responsibility  to  see  to  the  health  of  his  program  and  the  corresponding 
need  to  keep  informed — a need  that  was  enhanced  by  the  growing  amount 
of  attention  given  by  congressional  committees  to  NASA’s  programs  and 
projects — Goett’s  solution  was  not  acceptable.  Cortright  and  the  author 
spent  a great  deal  of  time  trying  to  get  Goett  to  appreciate  headquarters’ 
needs  and  to  agree  to  some  middle-of-the-road  way  out  of  the  dilemma.  A 
written  description  was  prepared  of  the  distinction  between  program  man- 
agement and  project  management,  and  the  author  committed  himself  to 
ensuring  that  his  program  people  understood  the  bounds  of  their  authori- 
ties and  responsibilities.  Bui  the  author  also  insisted  that  the  way  be  kept 
open  for  headquarters  people  to  keep  adequately  informed.  Goett  was  not 
satisfied.  In  a letter  to  Associate  Administrator  Robert  C.  Seamans  5 July 
1963.  he  outlined  some  of  the  problems  as  he  saw  them.14  Shortly  thereafter, 
on  26  July  I9b3,  the  Office  of  Space  Science  and  Applications  proposed  a 
revision  of  NASA  Management  Instruction  37-1-1. 15  In  Appendix  A were 
specific  definitions  of  program  and  project.  The  instruction  made  the  point 
that  the  headquarters  job  concerned  itself  with  program  matters  primarily, 
while  project  managers  normally  were  at  field  centers.  On  5 November 
1963  the  author  wrote  Harrv  Goett  on  the  subject  of  headquarters-center 
relations. 16  The  letter  outlined  agreements  that  it  was  hoped  had  been 
reached  to  keep  headquarters  people  properly  informed,  without  undercut- 
ting the  center’s  position  with  contractors.  But  matters  continued  to  deteri- 
orate. 

Complaints  were  not  confined  to  the  center  side.  In  a talk  given  to  a 
number  of  managers  of  space  si  ience  and  applications  projects,  at  Airlie 
House  near  Warremon.  Virginia,  the  author  spoke  on  relations  between 
program  managers  in  headquarters  and  project  managers  in  the  centers.17 
By  giving  what  was  viewed  by  headquarters  people  as  too  much  emphasis 
to  the  rights  and  prerogatives  of  project  managers,  the  author  drew*  forth 
some  howls  from  the  former.  On  30  December  1963  the  st;:ff  of  the  Office 
of  Sjxice  Science  and  Applications  met  to  discuss  relations  with  the  Goddard 
Space  Flight  Center.14  Program  [people  complained  that  Gtnldard  seemed 
to  be  waging  a war  to  keep  headquarters  at  arm’s  length.  It  was  difficult  to 
find  out  about  contractor  meetings  in  time  to  attend.  Although  Goett  had 
stated  that  headquarters  should  keep  itself  informed  bv  means  of  the  reports 
it  received,  still  Goddard  habitually  did  not  turn  in  reports  on  time.  The 
center  wa*  being  too  independent  in  formulating  its  plans  for  supporting 
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research — i.e..  ihe  general  background  research  of  ihe  kind  all  centers 
undertook  in  support  of  their  project  work.  Program  chiefs  fell  a need  to 
specify  reporting  requirements  for  this  supporting  research,  since  most  of 
the  money  for  such  research  came  from  portions  of  the  budget  for  which 
the  program  chiefs  had  responsibility.  Another  complaint  concerned  Re- 
quests for  Proposals,  documents  w hich  centers  sent  to  potential  contractors 
asking  for  hick  on  work  that  the  center  wanted  done.  Program  people  were 
required  to  follow’  the  progress  of  such  RFPs  through  the  headquarters 
paper  mill  and  to  assist  in  expediting  their  progress.  It  was  important, 
therefore,  for  them  to  keep  in  close  touch  with  the  formulation  of  the  work 
statements  that  would  go  into  the  Requests  for  Proposals.  Yet  the  center 
appeared  to  be  making  it  difficult  for  the  program  managers  to  keep  in 
touch.  The  Interplanetary  Monitoring  1M  •form  project  was  considered  an 
illustration  of  the  center’s  intentions  in  this  regard.  Since  a decision  that 
program  people  would  attend  ‘working  group”  meetings  of  projects,  Paul 
Butler,  manager  of  the  IMP  project,  had  ceased  to  hold  working  group 
meetings.  Instead  he  held  what  he  called  “coordination  meetings”  with  his 
staff,  w hich  headquarters  people  were  explicitly  told  they  were  expected 
not  to  attend. 

While  the  managers  in  the  Office  of  Space  Science  and  Applications 
were  most  intimately  involved  in  the  day-to-day  relations  with  the  center, 
the  problems  also  had  the  continuing  attention  of  Webb,  Dryden,  and 
Seamans.  Concerned  about  overruns  and  schedule  slips  in  NASA  projects, 
the  Administrator's  Office  noted  that  many  of  the  bad  examples  were 
Goddard's.19  As  general  manager  of  the  agency.  Associate  Administrator 
Seamans  maintained  pressure  on  the  Office  of  Space  Science  and  Applica- 
tions to  correct  the  deficiencies.  Although  Seamans  had  known  and  worked 
with  Harry  Goett  since  19d8  and  admired  him  very  much.  Seamans  could 
not  accept  Goett's  insistence  that  headquarters  leave  Goddard  to  its  own 
devices.  As  Seamans  wrote  years  later: 


...  it  was  essential  if  NASA  was  to  continue  to  receive  Congressional  sup- 
port, that  we  tighten  the  management  of  our  projects  in  order  to  keep  costs 
and  schedules  c loser  to  plan.  We  could  not,  in  the  public  interest,  take  it  on 
faith  that  Many  Goett  was  doing  all  that  could  be  done  to  manage  these 
projects  properly.  It  was  necrssarv  for  NASA  Headquarters  to  have  direct 
access  to  a caiicnv  of  management  data  as  was  the  case  with  other  NASA 
miters.  I kq>t  l>r.  Dryden  and  Mr  Webb  fully  informed  of  the  Headquarters 
Goddard  relationships  and  of  imfxirtant  issues.20 

But  the  problems  did  not  end.  Discussions  with  Gotkiard  management 
seemed  to  elicit  too  much  explanation  of  why  v w as  in  the  nature  of  things 
for  schedules  to  slip  and  not  enough  desire  to  c hange  matters.  The  Goddard 
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scientists  especially  could  not  see  why  there  should  be  any  urgency  about 
adhering  to  a schedule  if  additional  work  would  produce  a better  experi- 
ment. As  for  the  experiments,  usually  there  was  no  reason  why  they  should 
be  done  now*  rather  than  later,  unless,  of  course,  they  had  to  be  timed  to 
coincide  w ith  some  natural  event.  But  NASA’s  record  of  doing  what  it  said 
it  would  do  on  time  and  within  cost  was  important  to  those  who  had  to 
fight  for  the  agency's  appropriations.  Schedules  and  costs  were  most  visible 
to  a carefully  watchful  Congress,  and  for  years  NASA  continued  to  feel  that 
it  had  to  sell  itself.  Besides,  it  was  just  plain  good  management  to  estimate 
costs  and  schedules  correctly  and  then  keep  to  those  estimates. 

Whatever  opinion  the  Administrator's  Office  might  have  had  as  to  who 
was  the  more  to  blame  for  the  strains  caused  by  projec  ts  versus  programs, 
the  apparent  unresponsiveness  of  the  center  on  tightening  up  project  man- 
agement overshadowed  the  other  concerns.  Both  Associate  Administrator 
Robert  Seamans  and  his  depute.  Earl  Hilburn.  pressed  continually  for  bet* 
ter  performance.  But  when,  in  a stressful  meeting  with  Seamans.  Goett 
look  such  a rigid  jjosstion  that  he  left  no  maneuvering  room  for  head- 
quarters, the  assexiate  administrator  derided  that  Goett  had  to  go.  With  the 
concurrence  of  both  We  oh  and  Dry  den.  on  22  July  19t>5  Seamans  removed 
Goett  from  the  direciotship  and  replaced  him  with  Dr.  John  F.  Clark,  who 
had  been  chief  scientist  in  the  Office  of  Spate  Sc  ience  and  Applications.2* 

It  was  a traumatic  experience  for  Ham  Goett  and  tor  others.  I he 
author  found  it  a most  unpleasant  duty  to  go  out  to  the  Goddard  Space 
Flight  Center  to  meet  w ith  kr\  managers  ami  inform  them  that  their  director 
was  being  replaced.  Gcx-tt  was  beloved  of  his  jreople:  he  had  been  a con- 
scientious. hard-working,  imaginative  director,  under  whose  regime  the 
center  had  achieved  most  ot  the  space  accomplishments  of  NASA's  first  few 
vears.  Goett  himself  had  played  a key  role  in  establishing  a productive 
relationship  with  the  academic  community.  Those  accomplishments  were, 
of  course*,  the  real  stor\  of  the  Goddard  Space  Flight  Center,  not  the  strug- 
gles over  how  to  manage.  It  was  tragic  that  Goett’s  obsession  over  one 
concept  >1  headquarters-field  relationships — lorn  perhaps  of  his  past  ex- 
jKTience  in  the  NAG  A — made  him  unable  to  appreciate*  the  new  climate  in 
which  NASA  had  to  ojxrate.  It  was  unfortunate  that  the  author  was  unable 
to  work  out  some  accommodation  tha;  would  have  kept  Gcxmi  at  the  God- 
dard helm.  Harry  G<xrt  > departure  was  a distinct  loss  to  NASA. 

Not  having  Gcxrt's  flair  for  the  controversial.  John  Clark  projected  a 
more  (xdesuian  image  for  the  center.  Yet  under  his  administration.  God- 
dard continued  us  record  of  successful  space  science  and  applications 
flights.  I he  problems  remained,  and  lx>th  center  and  headquarters  had  to 
work  continuouslv  to  keep  them  under  control.  But  both  sides  approached 
the  problems  with  a bet  tel  understanding  of  each  other's  needs.  In  short 
order  Clark  was  telling  headquarters  where  to  head  in.  and  headquarters 
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was  pressing  him  10  get  on  with  the  job  of  better  resource  and  schedule 
management. 

The  difficulties  experienced  by  the  Office  of  Sjxtce  Science  and  Appli- 
cations with  the  Goddard  Space  High'  Center  occurred  in  various  forms 
and  vary  ing  degrees  with  all  the  other  centers.  The  task  of  finding  ways  for 
headquarters  and  field  to  work  together  harmoniously  and  effectively  is 
never  ending.  Nor  is  it  to  be  expected  that  tension  between  headquarters 
and  field  w ill  ever  disappear.  Should  this  happen,  one  or  the  other  will 
prohablv  not  be  doing  its  best  job. 
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Jet  Propulsion  Laboratory:  Outsider  or  Insider? 


In  the  summer  of  1958,  before  NASA  had  begun  to  operate,  the  author 
flew  to  California  to  visit  the  Jet  Propulsion  Laboratory  in  Pasadena.  The 
purpose  of  the  visit  was  to  talk  with  the  director.  William  Pickering,  and 
his  key  staff  members  about  the  possibility  that  a group  from  the  Rocket 
Sonde  Research  Branch  of  the  Naval  Research  Laboratory  in  Washington 
might  transfer  to  JPL.  Discussions  within  the  Department  of  Defense  that 
had  accompanied  the  congressional  debate  on  the  nation’s  space  program 
during  the  first  half  of  1958  had  made  clear  that  the  Navy,  in  spite  of  its 
pioneering  contributions  in  the  rocket  exploration  of  the  upper  atmos- 
phere and  in  developing  the  Aerobee.  Viking,  and  Vanguard  rockets,  would 
probably  not  have  a key  role  in  spate  research  and  development.  Some 
members  of  the  Navy’s  high-altitude  ttx  ket  research  group  were,  therefore, 
casting  about  for  a more  promising  situation  for  pursuing  their  research  in 
the  years  to  come. 

There  was  good  reason  for  the  NRL  researchers  to  consider  the  Jet  Pro- 
pulsion Laboratory  as  a possibility.  Since  the  1930s  it  had  been  at  the  fore- 
front of  rocket  researc  h and  development  in  the  Vnited  States.  During  the 
pioneering  years  of  the  1910s  and  1950s.  the  laboratory  had  furnished 
strong  leadership  to  the  country  in  rocket  propulsion,  making  numerous 
contributions  to  the  development  of  solid  propellants  and  of  rockets  like 
the  Army’s  Corporal  and  W AC-Corporal.  Moreover,  JPL  had  furnished 
the  Explorer  satellite  that  rexle  the  Army  Ballistic  Missile  Agency’s  Jupiter  C 
rocket  in  the  country  's  first  successful  response  to  the  Sputnik  challenge.1 
It  seemed  logical  that  the  Jet  Propulsion  Laboratory  would  be  deeply  in- 
volved in  rockets  and  space  research  as  i*  had  been  in  the  past. 

The  laboratory  staff  expected  to  play  a role,  but  Pickering  and  his 
associates  were  not  sure  just  what  role.  The  summer  of  1958  was  primarily 
a time  to  wait  and  see,  and  anyone  who  joined  the  laboratory  would  have 
to  recognize  the  uncertainties  and  take  his  chance's  along  with  the  rest  of 
JPL. 
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Back  in  Washington  the  author  reported  to  his  NRL  colleagues  that 
JPL  would  probably  have  much  to  do  with  the  space  program,  including 
space  science,  but  that  there  was  no  assurance  that  the  space  science  at  JPL 
would  be  the  atmospheric  and  solar  research  that  the  Naval  Research 
Laboratory  investigators  had  worked  on  for  the  past  decade.  Moreover,  the 
real  center  of  action  on  space  w’ould  doubtless  lie  with  the  new'  National 
Aeronautics  and  Space  Administration  itself.  As  a consequence  the  thought 
of  joining  JPL  w?as  shelved,  and  the  author  and  his  colleagues  pursued  the 
idea  of  going  to  NASA,  where  over  the  next  half  year  many  of  them  found 
positions  either  in  headquarters  or  in  the  newly  formed  Goddard  Space 
Flight  Center. 

The  Jet  Propulsion  Laboratory  also  joined  the  NASA  family,  trans- 
ferred by  presidential  order  on  3 December  1958.2  Once  fully  under  way, 
having  cleared  the  initial  hurdles  of  switching  from  largely  ground-hased 
research  to  primarily  spaceflight  projects,  the  laboratory  proceeded  during 
the  1960s  and  early  1970s  to  add  luster  to  its  already  enviable  reputation. 
Although  there  were  mistakes  and  various  kinds  of  problems  to  overcome, 
in  time  these  minuses  were  greatly  overshadowed  by  the  pluses  of  spectacu- 
lar achievements  with  Rangers  and  Surveyors  to  the  moon;  Mariners  to 
Mars,  Venus,  and  Mercury;  and  amazing  feats  in  space  communications 
using  the  JPL  deep-space  tracking  network.  The  network  included 
ground-based  radar  sounding  of  the  planets.  Most  of  what  JPL  did  during 
NASA’s  first  decade  and  a half  concerned  space  science — the  scientific  in- 
vestigation of  the  moon  and  planets  with  unmanned  spacecraft — a natural 
extension  of  the  laboratory’s  work  in  the  1950s.  when  its  director  was  a 
member  of  the  Rocket  and  Satellite  Research  Panel.5 

A detailed  review  of  these  activities  is  beyond  the  planned  scope  of  this 
book.  Here  only  one  issue  will  be  treated,  that  of  developing  an  effective 
working  relationship  between  NASA  and  the  Jet  Propulsion  Laboratory. 
The  complex  and  frequently  emotional  matter  consumed  a great  deal  of 
time  on  the  part  of  NASA  space  science  managers  on  the  one  side  and 
people  of  JPL  and  the  California  Institute  of  Technology  on  the  other. 
The  subject  is  important  in  illustrating  how  nontechnical  issues  can  often 
make  the  accomplishment  of  technical  objectives  far  from  straightforw  ard. 

Singling  out  one  topic  from  a rich  and  varied  story  like  that  of  the  Jet 
Propulsi  .n  Laboratory  could  distort  the  overall  picture  by  undue  emphasis 
on  the  one  aspect.  The  reader  should  remember  in  what  follows  that  even  as 
the  participants  wrestled  with  knotty  issue4*  in  human  relations,  the  Jet 
Propulsion  Laboratory  ’s  engineers  and  scientists  were  laying  the  ground- 
work for  the  phenomenal  suevsses  that  were  later  achieved  in  iuvestigat* 
g the  mtxrn  and  planets.  While  the  very  human  strife  bet  wee.  NASA 
Headquarters  and  the  laboratory  in  the  first  half  of  th  1960s  loomed  large 
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at  the  time  in  the  minds  and  emotions  of  those  involved,  it  was  a passing 
phenomenon.  The  real  and  permanent  image  of  the  laboratory  was  to  be 
seen  in  the  utter  dedication  and  superlative  competence  of  its  people  and 
in  their  achievements. 

The  Question  of  Responsiveness 

Part  of  the  problem  was  rooted  in  the  unique  status  of  the  Jet  Propul- 
sion Laboratory  in  the  NASA  family.  While  the  laboratory  grounds,  build- 
ings, and  equipment  belonged  to  the  government,  the  laboratory  itself  as 
an  organization,  a working  team,  was  a creature  of  the  California  Institute 
of  Technology.  Within  NASA  a frequent  question  was  whether  the  labora- 
tory should  be  regarded  as  another  center  in  the  NASA  complex — that  is, 
as  an  insider — or  be  treated  purely  as  a contractor — that  is,  as  an  outsider. 
For  its  part,  JPL  took  great  pride  in  its  connection  with  Cal  Tech,  tenuous 
and  neglected  as  this  connection  was.  The  association  gave  JPL  a special 
access  to  the  academic  world.  Also,  in  true  academic  fashion.  Cal  Tech 
accorded  the  laboratory  a great  deal  of  independence  to  plan  and  carry  out 
its  own  research  programs,  although,  as  JPL  Director  Pickering  later  com- 
plained, Cal  l ech’s  desire  to  have  space  science  done  on  campus  rather 
than  at  JPL  sometimes  stood  in  the  way  of  JPL’s  developing  the  kind  of 
program  that  NASA  wanted.4  It  was  an  independence  that  the  Army  had 
accommodated  and  to  which  the  jpl  staff  had  become  thoroughly 
accustomed. 

In  taking  possession  from  the  Army,  NASA  kept  the  arrangement 
under  which  Cal  l ech  would  continue  to  exercise  administrative  oversight 
over  the  laboratory — for  a substantial  fee,  ‘ which  in  the  early  years  of  the 
association  [with  NASA]  Cal  lech  did  very  little  to  earn,**  as  the  first 
administrator.  Glennan.  put  it.3  But  the  space  program  would  have  an 
entirely  different  dimension  from  that  of  the  projects  previously  engaging 
the  attention  of  JPC  and  NASA  would  request  many  things  that  the 
laboratory  had  previously  shunned.  The  question  quickly  arose  as  to 
whether  the  Jet  Propulsion  Laboratory  would  accept  program  direction 
from  NASA  Headquarters  or  would  negotiate  a mutually  acceptable  pro- 
gram with  NASA.  Space  agent  v managers  like  Abe  Silverstein  assumed 
without  question  that  it  would  be1  the  funner,  while  the  laboratory’s  man- 
agement was  determined  that  it  lx*  the  latter.  In  fact,  JPL  people  thought 
there  should  be  no  question  about  it.  since  the  contract  just  signed  with 
NASA  actually  did  contain  a mutuality  of  interest  clause  that  called  for 
NASA  and  JPL  both  to  agree  on  programs  and  projects  assigned  to  the 
laboratory.6 

For  years,  until  it  was  finally  eliminated,  this  mutuality  clause  in  the 
NASA -Cal  Tech  contract  was  a source  of  disagreement.  From  the  very  first, 
NASA  Administrator  Glennan,  Deputy  Administrator  Dryden,  and  Asso- 
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date  Administrator  Richard  Horner  weie  faced  with  a showing  of  inde- 
pendence and  what  headquarters  viewed  as  a lack  of  responsiveness  by 
JPL.  These  administrators  had  to  spend  what  they  regarded  as  an  inordi- 
nate amount  of  time  on  questions  of  prerogative,  time  that  would  have 
been  better  s|>ent  on  getting  ahead  with  the  space  program.  As  Glennan 
would  write  years  later: 

I think  that  JPL  was  the  beneficiary  of  tolerance  by  NASA  peers,  was  not 
really  thought  of  as  a responsibility  by  Cal  Tech.  1 suppose  that  the  payoff  of 
success  is  the  final  answer— but  did  it  need  to  cost  so  much  in  dollars,  in 
tolerance  and  accommodation  by  Newell  and  others?7 

As  will  be  seen,  the  problem  was  not  quickly  resolved  and  if  anything  was 
even  more  intense  when  the  second  administrator,  James  E.  Webb,  took 
over  in  January  1961.  Hugh  Dryden  and  Robert  Seamans,  w ho  had  suc- 
ceeded Richard  Horner  as  associate  administrator,  continued  to  strive  for  a 
resolution  of  the  problem. 

But  to  the  Jet  Propulsion  Laboratory,  the  mutuality  clause  was  essen- 
tial to  preserve  a cherished  way  of  life  that  the  laboratory  viewed  as  a right, 
not  only  inherited  from  the  past  but  also  earned  by  competence  and 
achievement.  Moreover,  jpi  |x*rsonnel  could  hardly  be  chided  if  from  time 
to  time  they  told  themselves  that  it  was  circumstance  rather  than  any  pre- 
vious history  of  leadership  in  rocketry  that  had  put  so  many  employees  of 
the  National  Advisory  Commit te  for  Aeronautics  in  the  driver’s  seat  in  the 
space  program.  To  NASA  managers,  however,  being  in  charge  imposed 
responsibilities  upon  the  agency.  Were  the  Jet  Propulsion  Laboratory  a 
Civil  Service  center,  there  would  be  no  question  about  the  authority  of 
NASA  Headquarters  to  decide  on  project  assignments  to  the  center.  As  a 
contractor  the  laboratory  should  be  no  less  responsive  to  NASA  direction. 

Thus,  while  NASA  and  the  Jet  Propulsion  Laboratory  began  their 
association  with  enthusiasm  and  great  expectations,  they  also  started  with 
an  arrangement  that  was  interesting,  to  say  the  least.  Add  to  this  the  prin- 
cipal players  in  the  drama  that  was  about  to  unfold,  and  conflic  t became  a 
virtual  certainty.  Abe  Silverstein.  self-assured  and  customarily  certain  about 
what  was  the  right  way  to  go,  would  run  a taut  ship.  He  would  welcome 
ideas  and  suggestions,  but,  once  the  decision  was  made — by  NASA — he 
would  expect  his  team  to  fall  in  line. 

William  Pickering  was  as  stubborn  as  Silverstein  was  domineering.  He 
had  worked  in  cosmic  ray  physics  at  the  California  Institute  of  Technol- 
ogy. had  been  a charter  member  of  the  Rocket  and  Satellite  Research 
Panel,  and  had  shared  in  the  pioneering  of  rocket  instrumentation.8  In 
1954  he  became  director  of  the  Jet  Propulsion  Laboratory.  More  than 
almost  anyone  else  in  NASA,  except  perhaps  Wernher  von  Braun,  he  had  a 
keen  sense  of  his  role  as  champion  of  his  team,  and  he  was  not  about  to 
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relinquish  any  of  the  laboratory’s  traditional  independence  without  a 
fight. 

When  James  E.  Webb  became  administrator  of  NASA,  the  potential 
for  conflict  between  NASA  and  the  California  Institute  of  Technology  was 
substantially  increased.  Webb  saw  in  the  unique  setup  w ith  JPL  an  oppor- 
tunity to  pursue  within  the  NASA  sphere  itself  the  kinds  of  objectives  he 
sought  with  individual  universities  in  the  memoranda  of  understanding  he 
later  attached  to  NASA’s  fac  ility  grants  (pp.  232-35).  Webb  expec  ted  Cal 
Tech,  with  the  Jet  Propulsion  Laboratory  as  a powerful  draw  ing  card,  to 
foster  and  facilitate  in  the  university  community — particularly  in  Cali- 
fornia—interest  and  participation  in  space  research.  In  this  Webb  would  be 
pressing  his  hopes  upon  Lee  DuBridge,  president  of  the  California  Insti- 
tute of  Technology. 

DuBridge,  with  an  illustrious  career  in  physics  to  point  to  and  the 
successful  management  of  the  Radiation  Laboratory  at  the  Massachusetts 
Institute  of  Technology  during  World  War  II  on  his  record,  had  no  doubts 
about  his  ability  and  that  of  Cal  l ech  to  run  »he  Jet  Propulsion  Labora- 
tory properly.  An  extremely  sensitive  person,  DuBiidg**  found  any  ex- 
pressed or  implied  criticism  of  h;s  institute  or  its  laboratory  distressing, 
and  not  always  understandable  Bv.t  t:e  also  found  it  difficult  to  satisfy 
Webb,  or  even  to  understand  w hat  the  administrator  wanted. 

So  the  stage  was  set,  and  the  story  began  to  unfold  in  the  fall  of  1958. 


Moon  and  Planu  s 

From  the  outset  most  assumed  that  die  Jet  Propulsion  Laboratory 
would  concentrate  on  the  investigation  of  the  ..olar  system.  This  was  much 
to  the  laboratory  ’s  iiking,  but  the  real  interest  was  in  the  planets,  not  in  the 
moon.  In  this,  JPL  immediately  came  into  conflict  with  Administrator 
Glennan’s  desire  to  tackle  the  moon  first.  Just  as  the  earth  sciences  had 
come  Ufore  the  moon  and  planets  in  the  orderly  and  moderately  paced 
development  of  space  science,  so  in  Glennan  s view  the  moon  should  come 
before  the  planets.  The  JPL  managers  were,  however,  convinced  that  the 
Soviet  Union,  with  the  great  lead  it  had  already  g.*  aed  in  space  exploits, 
would  quickly  move  ahead  in  the  investigation  of  the  moon  also.  Ameri- 
ca's only  chance  of  recapturing  the  lead,  they  felt,  would  lie  to  proceed  at 
once  to  the  planets. 

This  and  other  differences  of  view  came  out  in  a series  of  meetings  of 
Abe  Silverstein.  the  author,  and  other  NASA  representatives  with  William 
Pickering  and  his  associates.  The  meetings  at  JPL  in  mid-January  1959 
were  devoted  to  a discussion  of  plans  and  |x>licies,9  the  hope*  being  to 
found  a close  working  partnership  between  NASA  and  the  laboratory. 

Picket  ing  made  it  dear  that  JPL  would  like  to  do  nothing  in  1959  that 
did  not  contribute  to  deep  space  probes.  In  particular  he  urged  the  devel- 
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opment  of  a spacecraft  fully  stabilized  in  three  axes,  which  w'ould  be  a 
most  effective  vehicle  for  investigating  deep  space  and  the  planets.  The 
laboratory  would  do  the  engineering  itself,  using  outside  firms  as  subcon- 
tractors. The  laboratory’s  past  experience  lay  on  the  experimental  side,  and 
JPL  washed  to  continue  being  the  doer,  keeping  th**  supervision  of  other 
NASA  programs  to  a minimum. 

In  turn,  Silverstein  emphasized  the  rugged  job  that  lay  ahead  of  NASA 
in  monitoring  the  national  space  program  and  the  hope  that  JPL  would 
consider  itself  a part  of  NASA,  not  an  outsider.  As  a member  of  the  NASA 
family  the  laboratory  would  have  to  bear  its  share  of  monitoring  outside 
contracts.  Pickering  responded  that  the  laboratory  would  be  glad  to  parti- 
cipate in  headquarters  committees,  analyses,  planning,  and  the  like,  but 
would  refuse  to  undertake  the  detailed  technical  supervision  of  contracts. 
In  that  reply  can  be  seen  the  underlying  insistence  on  negotiating  mutu- 
ally acceptable  work  assignments  that  would  be  a central  issue  for  the  next 
several  years. 

In  spite  of  the  differences,  the  laboratory  moved  out  on  its  assigned 
work  and  during  the  next  two  years  well  into  the  development  of  the 
Ranger  lunar  spacecraft  and  the  planetary  Mariner,  largely  in-house  with 
assistance  from  outside  subcontractors.  For  its  part,  NASA  supplied  the 
resources  for  expanding  the  laboratory’s  facilities  and  equipment  and  for 
increasing  the  staffing.  NASA  also  undertook  to  reestablish  the  military 
channels  previously  open  to  JPL  when  it  had  worked  for  the  Army — for 
example,  to  the  Army  Ballistic  Missile  Agency  i..  Huntsville  and  to  Cape 
Canaveral.  In  addition  NASA  continued  to  press  JPL  to  expand  its  pro- 
ductivity through  outside  contracting.  When  work  was  begun  on  a Sur- 
veyor spacecraft  to  be  soft-landed  on  the  moon,  a contract  was  given  to 
Hughes  Aircraft  to  do  the  job  under  the  supervision  of  the  Jet  Propulsion 
Laboratory.10 

With  JPL,  as  with  the  rest  of  NASA,  the  first  year  produced  l>oth  prog- 
ress and  wasted  motion.  It  was  a period  of  learning.  At  the  request  of  the 
JPL.  leaders,  the  Vega  upper  stage  intended  for  deep-space  missions  was 
assigned  to  the  laboratory  in  the  first  months,  only  to  be  canceled  within 
the  year  in  favor  of  the  Centaur  stage.11 

By  the  end  of  1959,  NASA  management  found  it  necessary  to  restrain 
its  centers  from  diversifying  their  activities  too  broadly.  Centers  naturally 
tended  toward  self-sufficiency.  An  interesting  line  of  research  was  often 
followed  beyond  the  initial  goal,  even  when  this  led  a center  into  an  area 
in  which  some  other  center  was  already  competent.  NASA  management 
decided,  therefore,  that  centers  should  be  required  to  specialize  more  than 
they  appeared  to  Ik*  doing  and  to  avoid  gross  duplications.  To  this  end 
Associate  Administrator  Richard  Horner  sent  out  letters  assigning  roles 
and  missions  to  each  center  The  letter  that  went  to  Will1  un  Pickering  on 
16  December  1959  confirmed  that  the  Jet  Propulsion  Laboratory  would 
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have  responsibility  for  lunar  and  planetary  missions.  On  21  December  Abe 
Silverstein  wrote  Pickering,  giving  guidance  on  lunar  and  planetary  mis- 
sions for  the  immediate  future.  A week  later  the  author  with  several  of  nis 
colleagues  from  headquarters  visited  JPL  to  discuss  the  guidelines.12 

Pickering  quickly  pointed  out  that  the  Jet  Propulsion  Laboratory'  had 
recommended  emphasizing  planetary7  investigations,  whereas  Silverstein’s 
guidance  seemed  to  start  with  a great  deal  of  lunar  work.  Much  to  the 
displeasure  of  the  JPL  people,  the  NASA  representatives  made  clear  that 
the  agency  indeed  was  stressing  the  lunar  work  initially.  In  a lengthy  dis- 
cussion of  policy  for  the  space  science  program,  it  was  agreed  that  NASA 
Headquarters  would  make  tentative  selections  of  experiments  and  experi- 
menters for  JPL  missions,  with  the  collaboration  of  the  laboratory.  I he 
scientists  would  then  develop  prototype  models  or  experiment  designs  and 
deliver  them  to  the  laboratory  for  evaluation.  Final  selec  tion  would  be  made 
on  the  basis  of  the  JPL  evaluation.  Although  this  procedure  was  followed 
for  aw  hile,  actually  it  assigned  to  the  laboratory  more  authority  in  allocat- 
ing space  on  NASA  payloads  than  was  eventually  permitted  in  NASA 
policy. 

In  this  discussion  the  ever  recurring  issue  of  how*  to  work  with  univer- 
sity and  other  outside  scientists  came  up.  Here  the  problem  was  how  to 
meet  both  the  needs  of  the  project  engineers  who  wanted  to  pin  specifica- 
tions down  and  fix  schedules  as  early  as  possible  and  those  of  the  scientists 
who  wished  to  polish  tneir  experiments  until  the  very  last  minute.  NASA 
people  sensed  an  inflexibility  in  this  matter  on  the  pari  of  JPL  engineers 
that  boded  trouble  for  the  future. 

Another  topic  that  would  recur  many  times  over  the  years  was  how7  to 
attract  the  scientific  community  into  the  program.  For  the  lunar  and 
planetary  areas  JPL.  proposed  to  set  up  a committee  along  lines  Pickering 
had  suggested  in  an  earlier  letter  to  Silverstein.13  but  the  NASA  representa- 
tives indicated  that  headquarters  would  do  this.  After  some  debate  it  finallv 
emerged  that  the  laboratory  was  afraid  that  NASA  would  use  the  commit- 
tee already  established  under  Robert  J as  trow  for  this  purpose.  The  Jet 
Propulsion  Lalxiratory  would  find  it  anomalous  and  disturbing  to  V’  ,e  a 
man  from  another  center — the  Goddard  Space  Flight  Center — cb  ig  a 
committee  in  a field  that  had  been  assigned  to  JPL.  Once  they  appreciated 
what  was  disturbing  the  JPL.  members,  the  NASA  people  agreed  to  find  a 
headquarters  person  to  chair  the  committee. 

That,  however,  was  not  the  end  of  the  matter.  On  22  March  1960  Pick- 
ering returned  to  the  subject  in  a letter  opposing  the  idea  of  scientific  dis- 
cipline subcommittees  to  the  Space  Science  Steering  Committee  in  head- 
quarters.14 Pickering  recommended  that  NASA  get  its  advice  on  experi- 
ment proposals  directly  from  the  centers.  JPL  f ’t  that  the  centers  could, 
through  their  contacts  with  the  scientific  community,  adequately  represent 
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the  interests  of  that  community.  Pickering's  proposal  failed  to  recognize 
that  NASA  centers  would  also  be  competitors  with  outside  scientists  in 
seeking  space  on  NASA  spacecraft*  and  that  there  was  a need  to  shield  the 
centers  from  charges  of  conflict  of  interest — or  even  theft  of  ideas  as  was 
alleged  on  a few  occasions — by  having  headquarters  groups  ultimately 
responsible  for  the  selection  of  experiments  and  experimenters. 

As  work  progressed*  trouble  continued  to  brew.  NASA  managers  came 
to  feel  that  the  Jet  Propulsion  Laboratory  's  traditional  matrix  organiza- 
tion. w hich  might  have  been  fine  for  general  research  and  smaller  projects* 
was  totally  inadequate  for  large-scale  projects  with  pressing  deadlines. 
NASA  also  found  the  laboratory's  record  keeping,  contract  administration 
and  supervision,  and  reporting  inadequate.  As  a result  NASA  began  a 
campaign  to  get  PiAiering  to  tighten  up  the  organization  and  to  improve 
the  administrative  side  of  the  house.  Since  Pickering  spent  a great  deal  of 
time  on  outside  matters — for  example*  with  the  American  Institute  of 
Aeronautics  and  Astronautics,  in  whose  establishment  he  had  played  ;t 
leading  role,  and  with  the  International  Astronautkal  Federation  and  the 
International  Academy  of  Astronautics — headquarters  at  first  urged  and 
later  demanded  that  Pickering  appoint  a deputy  to  give  continuous  atten- 
tion to  the  internal  running  of  the  laboratory.  This  last  suggestion  was 
especially  disturbing  to  Pickering,  who.  despite  NASA  management's 
doubts  about  the  quality  of  his  leadership.13  felt  keenly  his  role  as  defender 
of  his  people.  The  question  of  a deputy  for  the  laboratory  remained  a bone 
of  contention  for  a long  time,  and  even  when  one  was  appointed  NASA 
felt  that  Pickering  did  not  make  proper  use  of  the  position. 

The  laboratory  had  its  own  complaints.  At  the  NASA  management 
meeting  at  the  Langlev  Research  Center  in  October  1962.  at  w’hich  Ham 
Goett  had  lashed  out  at  headquarters  for  meddling  too  much  in  center 
affairs.  Brian  Sparks  of  JPL  ran  ihrough  an  almost  identical  list  of 
charges,  showing  that  headquarters  looked  pretty  much  the  same  to  the 
different  centers.  Sparks  said  that  the  laboratory  felt  headquarters  took  on 
too  much  project  as  opposed  to  program  responsibility.  For  example:  JPL 
did  not  have  any  real  sav  on  the  matter  of  launch  vehicles  to  be  used; 
headquarters  program  chiefs  dealt  personally  with  individual  project  per- 
sonnel instead  of  going  through  the  projeu  manager:  the  program  office 
inserted  itself  into  contracting  matters  and  even  asked  contractors  to  quote 
prkes  for  additional  units  on  contracts  managed  by  JPL:  and  headquarters 
insisted  on  approving  the  use  of  assigned  construction  funds.  Additional 
complaints  were  that  the  Office  of  Space  Sciences  insisted  on  passing  on 
the  acceptability  of  even  project  the  laboratory  undertook,  including  study 
contracts.  while  the  Office  of  Advanced  Research  and  Technologs  sim- 
ilarly insisted  on  approving  all  advanced  r search  before  any  funds  could 
be  released.  JPL  found  it  particularly  irritating  that  other  centers  had  been 
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encouraged  to  compete  with  JPL  for  planetary  projects,  especially  when 
(hr  planetary  area  hud  long  since  been  assigned  to  the  laboratory-  Wemhcr 
von  Braun  echoed  Sparks  on  behalf  of  the  Marshall  Space  Flight  Center.14 

In  the  dehate  that  ensued  headquarters  people  undertook  to  rationalize 
their  anions,  but  the  important  point  had  been  made  that  headquarters  had 
to  set  its  own  house  in  order  even  as  it  pressed  the  Jet  Propulsion  Labora- 
tory to  make  improvements.  Fat  h side  worked  hard,  and  with  sincerity,  on 
these  problems.  But  accommodation  was  difficult  since  two  different  phil- 
osophies were  involved-  The  laboratory  continued  to  insist  on  its  inde- 
depmdeiice  and  fell  back  on  the  nnituality  clause  in  ;Se  contract  with 
NASA  to  sustain  its  position.  NASA  insisted  that  JPL  was  a member  of  the 
NASA  team  with  the  same  responsibilities  to  headquarters  that  other  NASA 
centers  had. 

As  ime  passed,  technical  probhib — ixx  unexpectedly — arose  in  JPL 
projects,  piling  additional  stress  on  that  caused  by  the  philosophical  differ- 
ences. lire  successful  flight  cm  Manner  2 to  Venus  in  I9ti2  was  encourag- 
ing. but  the  momentary  elation  was  muted  bv  a series  of  failures  in  the 
Ranger  project. JPL  might  take  some  consolation  in  that  it  was  the 
launc  h vehicle,  not  the  JPL  spacecraft,  that  was  the*  culprit  in  the  first 
sererul  Rang*t  failures.  hut  could  hardh  evade  cnerall  lespcnisibility  for 
the*  missions.  Both  launch  \ chicle  and  spacecraft  had  to  work  to  achieve  a 
successful  mission,  ami  until  tlr.it  happened  both  the*  laboratory  ami  NASA 
were  on  the  spot. 

I’o  .*dd  to  the  difficulties  JPL  was  also  getting  a reputation  among 
scientists of  being  intolerable  difficult  to  uoik  with.  A subtle  issue  was  the 
construction  of  flight  equipment  to  go  on  JPL  s|Ktcc\Tafl.  JPL  usually 
insisted  on  taking  prototype  insttuineius  ckneloptxl  b\  tin*  scientists  ami  hav- 
ing the  flight  hardware  made  itself.1*  I“he  logic  of  this  procedure  was 
obvious,  but  the  (rotential  impact  on  the  scientific  experiments  was  Miicms. 
and  ex|xi  umiiirn  usually  objutd.  Many  oi  the  instruments  were  new. 
devrlojxd  sfxxilicalh  fot  the  exjxiiments  to  lx*  |xifoniK\l.  Only  theexper- 
i men  ter  and  original  designer  of  the  instiumetit.  who  thoroughly  under - 
sUmkI  the  principles  and  details  of  the  e\|X*tunents  to  lx*  performed,  could 
suffic  ic*ml\  applet  late  the  ulios\iuiasu>  ol  tin-  equipment  to  ensure  suit- 
able calibration.  Ii  was  essential,  theiefore.  thai  exjxTinumtcTs  |xirticipatc 
in  the  pre|M ration  not  onh  oi  piotot\}K*s  Init  of  flight  hardware  as  well, 
huktd.  in  recognition  of  these  points  NASA  jxilnx  was  that  exjx-t nueiiiers 
lx*  held  resjxmsible  for  the  pmjx'i  fiinciiouing  of  then  equipment.  Flic 
JPL  approach  kepi  the  e\jx*n  men  lets  at  aim's  Length  and  tended  to  fitis- 
n ate  theii  attempts  to  discharge*  their  res|x>nsibilitiev 

Illustrating  the  difficulty  of  woiking  with  JPL  as  the  scientists  snv  at 
were  complaints  that  Herb  Budge  of  the  Massachusetts  Institute  o*  tech- 
nology and  John  Simpson  of  the  Lniveisity  ol  Chicago  aittd  in  the  fall  of 
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1963. 19  Both  scientists  had  similar  stories  of  extreme*  difficulties  in  trying  to 
work  with  JPL;  no  focal  point  for  getting  timely  decisions:  too  many  peo- 
ple in  the  loop:  delays  at  JPL  in  meeting  requirements  of  the  scientists 
making  the  laboratory  for  all  practical  purposes  the  selector  of  experiments 
to  go  on  a payload,  rather  than  the  Space  Science  Steering  Committee  in 
NASA  liejhkjuarters;  intolerable  delays  in  getting  contracts  out  and  money 
flowing  to  the  experimenters  so  that  they  could  get  their  work  done  on 
time:  correspondence  unanswered:  a mixture  of  arrogance  and  rigidity . as. 
for  example,  when  JPL  considered  itsrlf  sufficiently  competent  to  try  new 
instruments  and  techniques  but  would  not  allow  the  experimenters  to  do 
so.  Van  Allen  of  the  State  Cniversity  of  Iowa  told  ol  the  frustration  of 
having  Iowa-buiit  equipment  pass  all  the  tests  that  had  been  prescribed  by 
the  Jet  Propulsion  laboratory  only  to  have  JPL  people  open  up  the 
equipment  and  then  reject  it  because  the  construction  techniques  used 
were  not  those  employed  be  JPL.  If  the  tests  prescribed  bv  the  laboratory 
were  cal  id.  then  equipment  that  passed  the  tests.  Van  Allen  insisted, 
should  be  accepted  for  flight. 

JPL  difficulties  with  the*  university  community  were  of  special  concern 
to  Administrator  Webb.  As  pointed  out  e arlier,  he*  expected  the  connection 
with  the*  California  Institute  of  Tec  hnology  to  enable  the  laboratory  to  do 
a superior  job  in  dealing  with  the*  university  scientists  and  thus  in  making 
the  ogrpoi  trinities  to  do  space  science  more  readily  available  to  academic 
institutions  than  might  jxThafn  be*  jxwstble  in  the  government  centers.  In 
fact,  the*  administrator  mack*  much  of  this  expectation  in  justifying  to 
(amgrrs*  NASA's  fxiving  Cal  lech  more  than  $2  million  a year  to  manage 
the*  JPL  contrac  t.  Webb  spent  a great  deal  of  time  with  Cal  Tech  President 
lee  I)u Budge  try  ing  to  get  him  to  appreciate  the  importance  of  producing 
more  for  ihe  annual  ter*  than  the  mere  routine  administration  of  a contract, 
which  NASA  could  have  done  for  itself  more  cheaply. 

As  1963  drew  to  a close.  NASA  stc*|>ped  up  its  efforts  to  get  the  man- 
agement of  ihe  Jet  Propulsion  I-aboraiorv  to  improve  [lerfonnance  and  to 
strengthen  the  organization  for  managing  big  project*.  Karl  Hilburn. 
depute  to  Assoc  iate  Adunnistiatoi  Robert  Seamans,  was  assigned  the  task 
of  working  with  (al  I'ec  h to  resolve*  some  of  the*  fundamental  diffeTtnees. 
Hilburn.  a technical  man  himsc'H  and  a hard-nosed  businessman  to  boot, 
insisted,  with  the  weight  of  the  Administrator's  Office,  that  tin*  laboratory 
fiiul  a suitable  general  manager.  On  2-1  December  196,1.  Pickering  informed 
the*  author  In  phone  that  he  was  in  the*  process  of  setting  up  a new  posi- 
tion of  assistant  laboratory  dins  tot  fot  technical  divisions.  Brian  Sparks 
would  lx*  tin*  new  assistant  director.-"1* 

This  was  progress.  Init  in  NASA's  \te*w  fell  fai  short  of  what  was 
needed.  An  assistant  direx  tot  would  ix>t  lx*  the*  ex|iii valent  of  a depim  direc  - 
tor re*sfxmsible  for  the  interna!  management  of  the  laboratory  and  cni|x>w- 
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mxi  to  nuke  decisions  Winding  on  the  director.  But  for  the  moment  this 
appeared  to  be  about  as  far  as  Pickering  wmild  budge.  It  took  the  dramatic 
failure  of  Ranger  6 to  break  the  logjam. 

Aciommoivxiiox 

When  Ranger  a separated  fiom  its  launch  vehicle  on  SO  January  i9b4 
and  slid  onto  a perfect  tra jet  ton  toward  its  intetrded  target  chi  the  moon, 
spirits  ran  high.  As  the  telemetry  record  continued  to  shore  that  the  space- 
craft was  of  m at  mg  prnperlx.  success  at  long  last  appeared  to  be  at  hand. 
Three  davs  later  |>roject  people,  NASA  ami  JPL  managers,  contractors, 
c\|jeritnenteTs.  ccHtgressmen.  and  numerous  \ isitors  (ollownl  the  progress  of 
Rangrr  a as  it  j|>prcx»chtxi  the  moon:  and  when  in  the  last  seconds  of  the 
flight  the  signal  was  sent  to  turn  on  the  tc*lnision  cameras,  all  were  pre- 
wired to  heave  a sigh  of  telief.  But  then  the  unbelievable  ha|)|mnl.  The' 
cameras  didn't  work!*1 

The  dejection  ol  JPL  and  \ VS  A personnel  was  complete.  Although 
CtNigrrvsnun  Miller,  chairman  of  NASA's  authori/ing  committee*  in  the 
Ilmise  of  Representatives.  e\|Hevsexl  confidence  in  the  Ranger  fKogram  and 
congratulated  NASA  and  JPL  on  hitting  the  target  aimed  at.  there  was  no 
avoiding  a thoiough  te\iew  ol  the  project  hv  the  Congress.  The  author,  at 
NASA  headquarters.  lot wat ek'd  Congressman  Millet's  letter  to  Pickering 
with  a note  assisting  JPL  that  NASA  went  Id  ivork  rigorously  alongside  the 
lalioiatotx  and  expiessing  confidence  that  Ranger  would  succeed. r'  lo 
determine  what  had  gone  wrong  and  what  was  needed  to  fix  the  spacecraft, 
NASA  set  up  a te\ »ew  hoaid  under  the  chairmanship  ol  Far!  liilbiirn 
On  the  Hill.  Joseph  Karth.  chairman  of  the  Subcommittee  on  Spare 
Science*  and  Applications  in  the  House,  got  the  job  of  probing  the  Ranger 
failure.  From  127  April  to  1 Max  I9bl  the  author  and  his  colleague's  in 
NASA.  Jet  Ptopulsioti  I.aboratoi\  managers,  and  JPL  conn. hiois — | Kittle 
ulailx  the  Radio  ( oipit atu hi  of  \iriern a.  xvhich  had  Urn  tesponsible  lot 
the  telex  iston  txjuipmcnt — were  chi  the*  carpet.^* 

Although  the  congressmen  were  deeplx  interested  in  the  technical  sick' 
of  the  storx  and  delved  deeplx  into  what  had  gone  wrong,  ibex  gave  then 
most  seiious  at  nut  ion  to  management  mattets.  karth.  well  awaie  of  the 
mutualitx  < lause  in  the  NASA  contract  with  the  lahoiatotx,  ap|x*aml  to 
kx*l  that  lilroi atorx  unresfiotisixeness  to  NASA  direction  might  Ik*  the 
tinde! King  cause  of  the  tumble.  Morcovet,  he  wondered  what,  if  anything, 
the  government  was  getting  in  muni  foi  the  huge  management  fee*  |Kiid  to 
the  California  Institute  of  l echnologx  Although  iImm'  were  the  xeix  ques- 
lions  that  NASA  contnutallx  debated  with  (al  lech  and  JPL.  dtiting  the 
congtesstoiial  m<|tiux  NASA  and  the  lahotatotx  ilovxl  tanks  in  mutual 
defense.  During  the  heatings  the  author  tried  to  make  the  from*  that  at  the 
heat!  of  i he  so-called  timesfioiiMxeness  ol  the  Jet  Propulsion  lahmaioix 
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lay  ih«*  sort  of  individual  competence  and  self-reliance  that  NASA  was 
seeking  to  use  in  the  space  program.  Testimony  also  pointed  out  that  the 
kinds  of  problems  that  NASA  was  having  with  JPL  at  the  moment 
stemmed  from  the  very  difficult  undertakings  be*ng  attempted,  and  in  the 
nature  of  things  the  agency  had  the  same  kinds  of  difficulties  with  its  Civil 
Sen  ice  centers.  When  the  chairman  observed  that  it  relations  with  NASA's 
centers  were  as  bad  as  with  JPL.  then  perhaps  the  investigation  ought  to 
be  broadened  to  include  the  management  of  all  NASA  centers,  the  author 
replied  that  the*  proper  point  of  view  was  that  management  relations  with 
JPL  were  basically  as  good  as  with  the  other  centers.  But  it  had  become 
clear  thai  that  line  of  defense  w«.s  one  to  abandon  as  quickly  as  possible. 

As  a result  of  the  investigation,  the  congressmen  made  clear  to  NASA 
that  they  were  unhappy  with  the  management  arrangements  between 
NASA  and  the  Jet  Propulsion  laboratory.  They  expected  NASA  to  tighten 
up  the  government's  control  and  to  get  rid  of  the  mutuality  clause  in  the 
contrac  t with  Cal  Tech  and  JPL.  Moteovei.  they  were  not  at  all  convinced 
that  the  government  was  getting  its  money's  worth  for  the  $2  million 
annual  fee  to  the  California  Institute  of  Technology.  Considerable  pres- 
sure was  put  on  NASA  to  eliminate  that  fee.  one  way  of  doing  which 
would  be  to  concert  the  laboratory  to  Cavil  Service. 

The  pressure  to  remove  the  fee  was  excruciating  to  Lee  DuBridge.  lor 
c.er  the  rears  Cial  I'ech  had  built  the  fee  into  its  funding  structure  so  that 
now  it  formed  about  !0  |XTcent  of  the  university's  hasic  support.  Sudden 
withdrawal  of  that  sum  would  cause*  considerable  difficulty.  This  possibil- 
ity. and  the  publicity  generated  by  the  Ranger  investigation,  finally  drew 
the  attention  of  the  Cii  Tech  Board  of  Trustees,  who  pledged  themselves  to 
uelp  livid  a solution  to  the  problem.-^ 

Fortunately  for  Cal  Ttvh.  Webb  was  not  in  favor  of  pulling  out.  As 
mentioned  eailier.  the  NASA  administrator  saw  in  the  Cial  Tech -JPL 
arrangement  great  (feasibilities  for  the  kind  of  university-government  rela- 
tionships he  was  hoping  to  develop  in  the  broader  as|Mxts  of  the  agency's 
tumersitv  program.  Webb,  therefore.  shhhI  firm  against  the  outside  pres- 
sure to  change  the  management  atrangement  and  renewed  his  efforts  to 
wtest  from  DuBridge  and  Cal  Tech  the  benefits  he  sought.  As  long  as 
DuBndge  was  at  the  helm  at  (ial  Tech.  Webb  strove  in  vain,  for  if  ever  two 
|x*ople  spoke  the  same  language  with  different  meaning,  those'  two  were 
Webb  and  DuBridge.  In  whatever  he  said.  Webb  had  in  mind  the  broad, 
sweeping  iontribmion  that  he  thought  a university  should  be  able  to  make 
to  government  in  expertise  and  wise  counsel,  while  DuBridge  never  relin- 
quished his  dedication  to  the  traditional  independence  of  academic  institu- 
tions and  of  the  individuals  w ithin  those  institutions. 

In  his  ho|M>  Webb  was  re|xatedh  disappointed.  Cal  Tech  showed  lit- 
tle interest  in  broadening  the  use  of  the  JPL  capability  b\  other  universi- 
ties. which  Webb  very  muc  h ho|M*d  to  bring  about  in  the  national  interest. 
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Io  make  mailers  worse*.  JPL  proved  to  be  pretty  good  at  antagonizing 
outside  experimenters  assigned  by  NASA  to  JPI.  spacecraft,  by  keeping 
them  at  arm's  length  and  imposing  unreasonable  schedules  and  what 
seemed  to  the  experimenters  to  be  arbitrary  and  unnecessary  construction 
and  test  requirements  for  their  instruments. 

Having  girt  through  the  congressional  inquiry,  the  Ranger  managers 
bore  down  again  on  preparations  for  another  flight.  Oran  Nicks,  head  of 
the  Lunar  and  Planetars  Program  Office  within  NASA  Headquarters,  and 
his  people — who  through  all  that  had  happened  had  remained  unshake- 
able  in  their  faith  in  and  esteem  for  the  laboratory —redoubled  their  efforts 
to  assist  JPL  in  whatever  ways  they  could.  Waller  Jakobowski.  Ranger 
program  manager,  did  what  he  could  to  facilitate  the  work.  Benjamin 
Milwitskv.  program  manager  for  Surveyor,  which  was  having  plenty  of 
troubles  of  its  own,  worked  assiduously  to  keep  Surveyor  from  repealing 
the  Ranger  6 fiasco.  But  it  was  the  JPL  engineers  and  their  contractors  who 
pulled  it  off.  They  left  no  possibility  for  trouble  uuprobed.  no  component, 
no  subsystem  unchecked,  no  test  undone,  to  ensure  that  the  next  flight 
succeeded. 

The  going  was  not  easy.  Troubles  continued  to  turn  up  in  ground- 
based  tests,  no  that  in  June  19bl  the  Office  of  Sfxtce  Science  and  Applica- 
tions set  up  its  ow  n review  board  separate  from  that  chaired  by  Hilhurn.  its 
purpose*  to  leave  no  stone  unturned  in  the  effort  to  make  Ranger  succeed.2* 

Simultaneously  pressure  continued  for  JPL  to  tighten  up  its  manage- 
ment and  to  be  more  responsive  to  NASA  direction.  After  all  that  had 
happened  following  the  Ranger  ft  failure,  after  all  that  had  been  said  about 
the  need  to  tighten  up  management  and  improve  res|*>nsiveness.  one 
would  have  thought  that  JPL  had  the  message.  The  author  and  his 
deputy.  Edgar  Cortright.  were  shocked,  therefore,  to  leant  in  a conversation 
with  Pickering  in  early  July  of  19bl  that  JPL  considered  Surveyor  a low- 
key  project  which  could  lx*  kept  on  the  luck  burner,  with  the  contrac  tor 
left  pretty  much  to  hts  own  dev  ices.  Con  right  and  the  author  disagreed  on 
the  spot,  and  on  LS  July  a letter  went  out  to  Picketing  underlining  that 
Surveyor  was  considered  one  of  the  highest  priority  projects  in  the  spare 
science  program  and  that  the  project  had  to  have  proper  management 
attention.  The  letter  asked  that  Pickering  lx*  ceitait;  “that  JPL  is  properly 
staffed  and  organized,  the  Hughes  contract  is  adequately  monitored,  and 
NASA  Headquarters  appropriately  informed  of  Surveyor  needs,  to  insure 
the  earliest  and  fullest  jxrssihle  success  of  the  Surveyor  program/*27 

The  following  day  a second  letter  to  Pic  kering  dealt  with  management 
problems.  It  requested  that  JPL  develop  a more  formalized  discipline  in 
both  business  and  project  management.  In  |xtrtictilar  NASA  requested  that 
the  rather  loose  matrix  organization  that  JPL  had  favored  lx*  tightened 
into  a mote  direct  projec  t organization.  The  letter  expressed  concern  that 
space  science  had  a fuzzy  sort  of  place  in  the  lalxrratory  structure  and  asked 
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that  it  be  given  a firmer,  more  independent  status.  NASA  asked  that  JPL 
work  on  improving  ulations  with  experimenters.  The  following  Septem- 
ber the  author  repeated  these  requests  to  Lee  DuBridge.  president  of  Cal 
Tech  and  accordingly  Pickering's  boss.2* 

The  continuing  lack  of  response'  to  NASA's  requests  led  NASA  man- 
agement to  give  serious  consideration  to  insisting  that  Cal  Tech  remove 
Pickering  as  director  of  the  Jet  Propulsion  I aboratory.  But  Pickering  had 
loo  much  to  offer  to  make  this  a palatable  move.  Another  option  seriously 
considered  was  that  of  converting  the  laboratory’  to  Civil  Service  as  some 
congressmen  had  favored.  But  again  the  administrator  considered  this  too 
drastic.  Setting  aside  the  question  of  whether  the  necessary  personnel 
authorizations  could  be  obtained  from  an  administration  that  was  trying  to 
reduce  the  total  number  of  government  employees — and  ignoring  the  dis- 
1< H al  ions  that  would  be  generated  in  adjusting  to  Civil  Serv  ice  salaries, 
retirement  plans,  and  fringe  benefits— there  was  still  the  question  of  how* 
many  of  the  employees  would  stay.  The  fierce  pride  that  JPL  people  took 
in  their  heritage  as  part  of  the  Cal  Tech  family  left  grave  doubts  as  to 
whether  the  laboratory  could  be  converted  without  seriously  disrupting  the 
ongoing  program. 

At  any  rate,  none  of  these  unsavory  options  was  adopted.  Instead  the 
contrac  t with  the  California  Institute  of  Technology  was  revamped.29  The 
mutuality  clause  was  removed,  and  JPL  was  required  to  be  responsive  to 
NASA  direction.  Specific  organizational  and  management  arrangements 
were  required,  including  the  strengthening  of  contract  administration  and 
provision  for  adequate  accounting,  record  keeping,  and  reporting.  On 
Webb's  insistence  the  new  contract  called  for  NASA  managers  to  evaluate 
semiannually  the  performance  of  Cal  l ech  and  JPL.  w ith  the  total  fee  to 
Cal  Tech  depending  on  the  rating  received  in  the  evaluation.  Of  all  the 
provision;:  in  the  new*  contract,  the  one  requiring  the  institute  and  the 
laboratory  to  undergo  |x*riodic  evaluation — an  indignity  that  DuBridge 
pointed  out  was  not  im|K>sed  on  other  NASA  centers — rankled  the  most. 
Sweetening  the  pill,  however,  NASA  agreed  to  provide  a small  fund  (a  few 
hundred  thousand  dollars  annually)  for  the  director  of  the  laboratory  to 
use  at  his  own  discretion  to  support  research  he  deemed  especially 
important. 

The  new*  contract  provided  no  magic  solution.  Much  still  had  to  be 
done  to  settle  the  dust  of  battle  and  to  establish  a smooth  working  pattern. 
That  occupied  an  appreciable  amount  of  management  time  during  the 
next  several  years.  But  the  road  had  been  cleared  and  it  was  a matter  of 
bending  to  the  task.  Moreover,  with  the  Ranger  hurdles  behind,  successes 
became  the  rule,  failures  the  exceptions,  on  JPL  missions.  In  the  light  of 
these  successes  the  earlier  trouble's  faded  farther  and  farther  into  the  back- 
ground. On  28  July  I9frl  Ranger  7 ux>k  off  from  Cape  Kennedy  for  the 
moon,  matching  Ranger  6 in  the  flawlessness  of  its  flight.  But  this  time  the 
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television  worked  perfectly.  The  cameras  returned  superb  pictures  of  a 
lunar  mare— later  designated  Mare  (k>gnitum,  or  "Known  Sea,"  by  the 
International  Astronomical  Union.  Those  picture's  taken  just  before  the 
spacecraft  hit  the  moon  were  a thousandfold  more  detailed  than  any  that 
could  be  obtained  through  ground-based  telescopes.  On  31  July.  three  days 
after  the  launching  and  immediately  following  the  completion  of  the  mis- 
sion. Dr.  Pickering  and  a beaming  JPL  team  held  a happy  press  confer- 
ence in  which  some  of  the  Ranger  pictures  were  shown  and  their  scientific 
value  discussed.  Then  Pickering  and  the  author  flew  to  Washington  to 
brief  President  Johnson,  who  expressed  his  great  pleasure  in  the  achieve- 
ment. On  1 1 August  Congressman  karth.  who  half  a year  earlier  had  dug 
so  grimly  into  the  Ranger  troubles,  inserted  into  the  record  of  the  House  of 
Representatives  a paper  by  the  l\S.  Information  Agency  describing  the 
worldwide  admiration  that  Hanger  ? had  evoked.50 

Ranger  S (20  February  1965)  and  9 (21  March  1965)  were  equally  suc- 
cessful and  more  visible,  since  they  were  covered  on  live  television.  Then, 
after  excruciatingly  troubled  years  of  development  and  testing,  the  very 
first  Surveyor  landed  gently  on  the  moon's  surface  on  2 June  1966  and 
began  to  send  pictures  and  other  lunar  data  hack  to  earth.51  Not  a vestige  of 
doubt  remained  that  the  Jet  Propulsion  Laboratory  could  match  technical 
performance  with  the  best  that  the  country  had  to  offer. 

Not  that  the  laboratory  itself  or  those'  in  NASA's  lunar  and  planetary 
office  had  ever  doubted  that  they  could  do  it.  Oran  Nicks  and  his  people 
would  frequently  sav  that  they  were  working  with  the  most  competent 
team  in  the  space  science  program.  In  the  end,  results  were  eminently  satis- 
fying 

At  the  division  level  much  effort  had  been  invested  in  trying  to  under- 
stand each  other's  needs  and  aspirations.  NASA  representatives  had  spent  a 
great  deal  of  time  at  JPL  keeping  in  touch  with  what  was  going  on.  In 
return  JPL  memlxrs  had  been  invited  to  sfx  nd  tours  of  duty  at  NASA 
Headquarters  to  become  familiar  with  the  problems  on  the  Washington 
end.  Without  doubt  this  was  helpful.  On  returning  to  JPL.  Gregg 
Mamikunian  wrote  the  author  in  May  H)ti6expressing  appreciation  for  the 
op|xmunitv  to  work  at  NASA  Headquarters  for  a while.  He  expressed  his 
"painful  realization  and  awareness  that  decisions  in  regards  to  projects  or 
missions  at  headquarters  are  not  arbitrarily  or  whimsically  arrived  at  (as  is 
the  . . . consensus  at  the  centers  and  universities)  but  with  . . . regard  ...  to 
the  objectives  of  the  scientific  community  at  large  and  of  the  nation.  '52 

Webb’s  new  contrac  t requirement  for  a periodic  evaluation  of  the 
laboratory  was  intended  to  generate  at  the  upper  management  levels  the 
kind  of  familiarity  with  eac  h other  s views  that  those*  at  the  working  level 
had  already  achieved  to  some  extent.  In  this  the  device  was  successful.  A 
pattern  developed  in  which,  before  the  actual  evaluation.  NASA  and  the 
laboratory  agreed  on  the  items  to  lx*  rak'd,  on  both  the  technical  and 
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administrative  sides.  Then  a preliminary  written  evaluation  was  drawn  up 
from  suggestions  from  the  various  NASA  managers.  Cal  Tech  and  JPL 
were  given  an  opportunity  to  review  the  preliminary  evaluation  and  pre- 
pare for  a face-to-face  meeting  with  NASA,  where  JPL  and  Cal  Tech  could 
take  exception  to  ratings  they  deemed  unfair.  Following  the  meeting  the 
Office  of  Space  Science  and  Applications  rev  ised  ratings  as  appropriate  and 
submitted  the  resulting  evaluation  to  the  administrator  for  approval. 

Fortunately,  by  the  time  of  the  first  evaluation  in  June  1965  the  Jet 
Propulsion  laboratory  had  a number  of  items  on  which  it  could  be  given 
a rating  of  outstanding,  including  recent  Ranger  successes.31  But  it  was 
quite  a while  before  many  outstanding  ratings  could  be  handed  out  for  the 
administrative  side.  Nevertheless,  as  time  went  on  the  ratings  improved.14 
The  process  forced  a continuing  attention  to  the  many  administrative 
pioblems  that  had  dissatisfied  NASA  in  the  past,  and  the  ratings  provided 
JPL  and  Cial  Tech  with  a measure  of  how  well  they  were  meeting  the 
NASA  requirements.  Thus,  as  the  1960s  drew  to  a close  and  JPL  was  pre- 
paring for  the  spectacularly  successful  flights  of  Mariner  to  Mars  in  1969, 
administrative  relations  between  the  tenter  and  headquarters  were  on  an 
even  keel.  Not  that  all  problems  were  solved,  but  the  most  significant  mat- 
ters were  now  the  technical  ones,  as  one  would  want. 

In  retrospect,  given  the  Jet  Propulsion  Laboratory’s  former  style  of 
in-house  engineering  and  distaste  for  much  that  was  required  in  contract- 
ing with  industry  for  projects,  given  also  the  laboratory’s  priority  over  the 
National  Advisory  Committee  for  Aeronautics  in  rocket  research,  and  con- 
sidering the  strong  personalities  involved,  an  intense  struggle  between  JPL 
and  its  new  bosses  was  predictable.  No  doubt,  in  time  some  sort  of  accom- 
modation would  have  been  worked  out  by  degrees.  But  the  Ranger  6 fail- 
ure did  not  permit  the  gradual  course*.  To  preserve  the  arrangement  that 
Administrator  Webb  wished  to  exploit  in  the  university  community,  NASA 
had  to  tighten  up  management  and  insist  on  a visible  improvement  in 
performance.  A revamped  contract  provided  the  basis  for  working  out  a 
solution.  Strong  efforts  by  men  of  good  will  on  both  sides  made  t work. 
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Throughout  the  1960s  the  life  sciences  were  something  of  an  enigma  to 
the  highest  levels  of  NASA  management.  Partially  this  was  because  no 
individual  near  the  top  of  the  hierarchy  had  training  in  any  of  the  life 
science  disciplines.  But  there  was  more  to  it  than  that.  One  could  sense  an 
ambivalence  in  the  life  science  community  concerning  the  space  program, 
a fascination  with  its  novelty  and  challenge  mixed  with  skepticism  on  the 
part  of  most  that  space  had  much  to  offer  for  their  disciplines. 

Not  that  NASA  wasn't  concerned  with  life  sciences  in  a variety  of 
ways.  The  list  of  NASA  interests  was  a long  one:  medical  support  to 
manned  spaceflight,  environmental  control  and  life-support  systems  for 
manned  spacecraft,  spacesuits  and  other  protective  systems,  nutrition,  avia- 
tion medicine,  man-machine  relationships,  space  biology  (the  study  of  ter- 
restrial life  forms  exposed  to  conditions  in  space),  exobiology  (the  search 
for  and  study  of  extraterrestrial  life  and  life  processes),  plus  occupational 
medicine  and  employee  health  programs.  But  much  of  this  interest  was 
incidental  to  other,  primary  objectives  of  the  agency.  Aviation  medicine 
and  man-machine  relationships  supported  the  development  of  aeronauti- 
cal instrumentation  and  techniques.  Although  an  extensive  amount  of 
work  was  required,  nevertheless  spaceflight  medicine,  env  ironmental  con- 
trol, life  support  systems,  spacesuits,  etc.,  were  narrowly  constrained  to  the 
minimum  needed  to  ensure  the  attainment  of  the  Gemini,  Apollo,  and 
other  manned  spaceflight  objectives.  Only  space  biology  and  exobiology 
could  be  regarded  as  pure  science,  and  these  fell  into  the  space  science 
program. 

NASA's  philosophy  concerning  the  life  sciences  was  simple:  where 
science  was  the  objective,  make  the  most  of  space  techniques  to  advance  the 
disciplines;  in  other  areas  do  only  what  was  essential  to  meet  the  need.  A 
natural  outcome  of  this  philosophy  was  to  dispeise  (he  different  life  science 
activities  throughout  the  agency,  placing  each  in  the  organizational  entity 
it  served.  Thus,  except  for  the  brief  period  from  March  1960  to  November 
1961  w hen  the  agency  had  an  Office  of  Life  Sciences  Programs  in  head- 
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quarters,1  space  biology  and  exobiology  were  placed  with  the  other  space 
science  groups;  aviation  medicine  and  related  activities  were  in  the  Office 
of  Advanced  Research  and  Technology,  which  had  responsibility  for 
NASA's  aeronautical  program;  and  space  medicine  was  placed  under  the 
direction  of  the  Office  of  Manned  Sjxice  Flight.  The  single  life  sciences 
office  had  not  worked,  doubtless  for  a variety  of  reasons;  but  one  reason 
that  suggested  itself  was  the  separation  of  the  life  sciences  activities  from 
the  other  activities  with  which  they  were  most  naturally  associated  in  the 
NASA  program.  The  Office  of  Space  Sciences,  for  example,  already  had  a 
group  producing  and  launching  sounding  rockets  and  unmanned  space- 
craft for  space  research.  Rather  than  duplicate  such  a group  in  another 
office  it  seemed  to  make  sense  to  place  space  biology  and  exobiology  close 
to  their  tools  in  the  Office  of  Space  Sciences. 

While  the  dispersion  of  the  life  sciences  throughout  the  organization 
made  sense  to  NASA  managers,  and  the  arrangement  appeared  to  function 
more  effectively  than  had  the  temporarily  integrated  one,  the  setup  was  not 
to  the  liking  of  the  outside  life  sciences  community.  Dissatisfaction  with 
the  way  NASA  handled  its  life  sciences  program  endured  throughout  the 
1960s.  Since  it  was  principally  the  researchers  who  were  most  vocal  in  ex- 
pressing their  displeasure.  NASA  space  science  managers  came  in  for  a 
great  deal  of  the  flak  directed  at  the  agency. 

Although  space  medicine,  which  in  the  NASA  setup  formed  a part  of 
the  manned  spaceflight  organization,  achieved  extensive  results,  space 
biology  and  exobiology  produced  only  modest  returns  during  the  1960s.2 
Even  though  some  interested  experimenters  had  used  sounding  rockets  in 
the  pre-NASA  period  to  expose  seeds,  mice,  and  other  biological  specimens 
to  the  rigors  of  rocket  flight  and  high-altitude  radiations,3  nevertheless 
when  NASA  came  on  the  scene  the  life  scientists  were  not  ready  to  keep 
pace  with  the  astronomers  and  physicists  in  the  space  science  program. 
Whereas  the  latter  could  bring  space  instrumentation  directly  to  bear  upon 
fundamental  problems  already  engaging  their  attention — earth  and  plane- 
tary atmospheres,  solar  activity  and  sun -earth  relationships,  stellar  spectra, 
cosmic  rays,  and  cosmology  , to  mention  some — the  same  was  not  true  for 
the  life  scientists.  During  the  1950s  and  1960s  a revolution  was  in  progress 
in  the  life  sciences  for  which  the  center  of  action  was  the  ground-based 
laboratory.  There  researches  in  areas  like  molecular  biology,  the  genetic 
code,  immunology,  and  information  storage  and  transfer  in  biological  sys- 
tems held  the  attention  of  the  best  investigators.  It  was  not  clear  in  what 
way  space  research  could  make  more  fundamental  contributions  than 
these  ground-based  studies. 

A number  of  experimenters  however,  wanted  to  try  their  hand  at  space 
research.  Ottering  to  this  interest,  a small  but  determined  group  within 
NASA  worked  hard  to  promote  the  field  of  sjxtce  life  sciences. 
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The  first  biologists  in  NASA  Headquarters  included  Richard  S. 
Young,  who  in  1958  and  1959  had  flown  sea-urchin  eggs  in  recoverable 
Jupiter  nose  cones  launched  by  the  Army  Ballistic  Missile  Agency.  In  Feb- 
ruary 1960  Young  went  to  the  Ames  Research  Center  to  start  NASA’s  first 
life  sciences  laboratory. 

In  the  space  science  group,  which  initially  was  almost  entirelv  preoc- 
cupied with  the  physical  sciences,  the  author  persuaded  Freeman  Quimby. 
a biologist  from  the  Office  of  Naval  Research  in  San  Francisco,  to  come 
east  and  work  with  NASA  to  make  a place  in  the  space  science  program  for 
space  biology  and  exobiology.  Later,  at  the  time  John  Holloway  and 
Donald  Holmes  joined  the  NASA  university  program  staff,  their  boss — Orr 
Reynolds,  head  or  research  in  the  Office  of  Defense  Research  and 
Engineering— also  came  to  NASA  to  take  charge  of  the  biology  division  in 
the  new  Office  of  Space  Sciences.  A physiologist,  Reynolds  was  skilled  in 
the  ways  of  government  programs  and  how  to  make  them  work.  Appreciat- 
ing the  opportunities  for  biological  research  afforded  by  rockets  and  space- 
craft, yet  at  the  same  time  recognizing  the  factors  that  would  militate 
against  any  widespread  interest,  he  set  about  trying  to  acquaint  his  col- 
leagues with  what  might  be  done  in  space.  He  was  remarkably  successful, 
and  under  his  guidance  interest  in  space  biology  grew. 

In  fact,  many  important  questions  could  be  examined  with  space 
experiments.  What  effects,  for  example,  might  prolonged  weightlessness 
have  upon  living  organisms?  What  would  happen  to  plants  grown  in  the 
absence  of  gravity?  How  would  frog’s  eggs  and  sea-urchin  eggs  fertilized  in 
space  develop  in  a weightless  environment?  What  light  could  space  exper- 
iments cast  upon  the  role  and  importance  of  gravity  in  the  development  of 
such  eggs  on  the  ground'  How  would  a frog’s  otiliths — the  tiny  stones  in 
the  ear  that  sense  the  direc  tion  of  gravity — function  in  the  absence  of  grav- 
ity? What  might  exposure  to  radiations  in  space  do  to  biological  speci- 
mens, partic  ularly  in  the  production  of  mutations?  Although  the  physicists 
insisted  that  order  of  magnitude  considerations  showed  that  there  could  be 
no  significant  effect,  still  some  biologists  wondered  if  exposure  to  radia- 
tions under  weightlessness  might  produce  different  effec  ts  from  those  ob- 
ser  *d  at  one  g on  the  ground.  Then  a whole  class  of  intriguing  questions 
concerned  the  rhythms  that  organisms  exhibit  in  the  environment  existing 
at  the  earth’s  surface.  Many  of  these  rhythms  are  linked  in  some  way  to 
external  periodicities  such  as  the  day-to-night  variation  in  sunlight  or  the 
lunar  month.  In  orbit  a new  set  of  periodicities  would  exist,  those  asso- 
ciated with  the  spacecraft’s  period  of  revolution  in  its  orbit.  How  would 
these  influence  the  circadian — i.e.,  nearly  daily— and  other  rhythms  of 
plants  and  animals  in  orbit?  How  would  these  rhythms  respond  to  flight 
on  an  escape  trajectory  from  the  earth  on  which  there  would  lx*  no  orbital 
periodicities? 


Life  Sciences 


To  enable  experimenters  to  study  some  of  these  questions.  NASA  flew 
a number  of  sounding  rockets  and  several  recoverable  satellites  named  Bio- 
satellite.*  Of  the  three  Biosatellites  placed  in  orbit,  two  were  recovered  for 
further  studies  of  the  specimen*  after  flight.4 

Although  the  exptrimenters  themselves  were  enthusiastic  about  the 
opportunity  to  experiment  in  space,  ;.*any  scientists  considered  NASA  pre- 
mature in  the  Biosatellue  project.  There  were  two  different  philosophies. 
The  satellite  experimenters  were  willing  to  conduct  exploratory  investiga- 
tions. to  learn  what  they  could  from  their  initial  experiments,  but — mote 
important — to  use  the  early  research  for  obtaining  an  insight  into  just 
how  rockets  and  spacecraft  could  contribute  in  future  experiments.  To 
others  such  suggestive  experiments  were  not  enough.  More  in  keeping 
with  life  science  tradition,  they  would  hold  off  from  experimenting  in 
space  until  laboratory  research  had  made  it  virtually  certain  that  definitive 
experiments  could  be  performed.  To  these  persons  the  results  from  the  first 
successful  BiosateUiie  {B'osaielhtr  2.  1-j  September  1967.  in  which  plants, 
flies,  and  other  living  organisms  were  flown  to  determine  the  effect  of 
space  conditions  on  living  oigamsms)  were  perhaps  interesting  but  not 
particularly  significant.  When  in  BiosateUiie  ? <29  June-7  July  1969)  pro- 
longed weightlessness  appeared  to  generate  critical  fluid  imbalances  in  an 
instrumented  monkey,  who  actually  died  f.om  the  stresses  produced,  that 
was  considered  significant  but  not  definitive,  since  the  experiment  was 
marred  by  incomplete  preparatory  research  and  inadequate  ground  and 
othei  controls. 

In  the  light  of  these  thoughts,  the  Space  Science  Board.  NASA  advisory 
committees,  and  various  members  of  the  life  sciences  community  continu- 
ally advised  NASA  to  support  a great  deal  of  advanced  research  on  the 
ground  to  establish  an  adequaie  basis  for  experimenting  in  space.  NASA 
did  support  such  research,  but  the  program  was  considered  inadequate. 
Indeed,  many  life  scientists  would  have  preferred  to  see  all  the  money  that 
wen:  into  satellite  work  devoted  to  laboratory  research  until  a better  basis 
could  be  laid  for  going  into  space. 

In  this  respect  those  interested  in  exobiology  were  in  better  shape.  For 
one  thing,  hardlv  anyone  would  disagree  that  the  discovery  of  life  on  some 
other  plane*  vo.dd  be  an  exciting  event  with  tremendous  philosophical 
and  vi * implications.  I~he  study  of  such  life  in  comparison  w ith 

ejoh  would  lie  of  fundamental  importance.  Even  if  no  such  extrater- 
tire  were  to  be  found  in  the  solar  system,  the  opportunity  to  inves- 
tigate other  planets  in  pristine  condition  and  to  study  the  prebiological 
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chemistry  of  these  bodies  would  be  a valid  line  of  investigation  for  the  life 
sciences-  In  the  United  Sums  a number  of  competent  investigators— Nobel 
Laureate  Joshua  Ledrrberg.  Wolf  Vishniac  and  Nonnan  Horowitz  among 
them — were  attracted  by  the  intriguing  possibilities.*  Worldwide  interest  in 
the  subject  stimulated  much  discussion  in  the  Committee  on  Space 
Research  and  other  scientific  circles*  and  led  to  international  agreements 
on  planetary  quarantine  (pp.  303-05).  Since  at  NASA's  inception  it  would 
still  be  many  years  before  an  automatic  laboratory  might  bt  landed  on 
Mars  (the  primary  target  of  the  United  States)  or  on  Venus  (where  the 
Russians  made  their  first  successful  landings),  time  was  ample  for  the  sort 
of  preparatory  work  that  NASA's  advisers  urged.  More  than  a decade  of 
such  advanced  research  preceded  the  launching  of  Viking  in  1975.  which 
was  instrumented  to  probe  the  Martian  surface  for  ev  idence  of  microbial 
life.* 

In  the  intervening  years,  scientists  did  their  best  with  photographs  and 
spectrogram*  of  the  planets  to  glean  any  hints  on  the  possibility  of  extra- 
terrestrial life.  They  searched  for  signs  of  water  or  other  molecules  that 
might  be  associated  with  life.  The  pictures  of  Mars  obtained  from  a 
Mariner  spacecraft  in  1964.  which  showed  a moon-like  surface  that 
appeared  to  be  perfectly  dry.  held  out  little  encouragement  for  exobiolo- 
gists.  But  w hen  Manner  6 ; ad  7 in  1969  and  Mariner  9 in  1971  obtained 
closeup  pictures  of  the  planet  revealing  features  that  looked  like  ancient 
water  channels  and  alluvial  fans,  and  a considerable  amount  of  w'ater  ice 
in  the  polar  caps,  hopes  ran  high  once  more  and  experimenters  bent  more 
vigorously  to  the  task  of  preparing  for  the  Viking  lander  flights  to  come.7 

Nevertheless,  in  the  1960s  criticism  of  NASA’s  life  sciences  program 
remained  high.  During  the  decade  almost  every  advisory  committee  meet- 
ing on  the  subject  deplored  some  aspect  of  the  program.  The  critics  were 
impartial  in  bestowing  their  criticism.  While  the  space  science  program 
was  called  to  task  for  not  supporting  enough  preparatory  research  and  not 
including  adequate  controls  in  the  space  experimenting  that  did  take 
place,  manned  spaceflight  was  berated  for  not  doing  enough  background 
research  to  ensure  the  safety  of  the  astronauts.  This  latter  criticism  in- 
creased following  the  monkey  ’s  demise  in  Biosatelhle  ?.  Even  though  the 
experiment  was  thought  to  have  been  carried  out  poorly,  the  results  were 
alarming  to  many  who  felt  that  similar  disasters  might  befall  astronauts 
unless  proper  steps  were  taken  to  forestall  the  difficulties.  To  do  this  would 
require  understanding  thoroughly  what  was  going  on.  and  research  was 
needed  to  get  that  understanding. 

As  the  scientists  criticized  the  substance  of  NASA’s  program  during  the 
1960s.  they  also  had  much  to  say  about  its  organization.  The  dispersal  of 
life  sciences  activities  throughout  the  agency  was  the  main  target  of  their 
displeasure;  indeed,  this  critic  ism  ^ften  seemed  more  intense  than  their  dis- 
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satisfaction  with  the  program.  In  (act.  the  two  criticisms  were  related.  The 
various  disciplines  in  the  life  sciences,  including  the  applications  of  re- 
search results  to  medicine,  were  interrelated,  the  critics  pointed  out.  and  an 
effectual  total  program  could  be  achieved  only  if  ail  parts  were  properly 
integrated  into  the  total.  This  could  be  done  only  by  someone  trained  and 
competent  in  the  life  sciences  who  had  the  authority  to  pull  it  all  togetlaer. 
Such  a person  would  have  to  be  in  top  management  so  that  he  could  bring 
adequate  weight  to  beat  on  planning,  budgeting,  and  the  use  of  funds. 

Such  were  the  thoughts  of  the  biologists  and  medical  researchers  at  the 
spare  science  summer  studs  in  Iowa  City  in  1962.  when  they  urged  NASA 
to  reverse  its  recent  action  in  dispersing  the  different  life  science  activities 
throughout  the  agency / Much  was  made  of  the  fan  that  all  of  the  techni- 
cal people  in  NASA's  lop  nwmagrttic-tit  were  tiainrd  in  the  physical  sci- 
ences or  engineering.  Along  with  this  recommendation  went  a related  one. 
that  NASA  use  the  peer  review  system  used  by  the  National  Institutes  of 
Health  to  decide  which  research  proposals  to  support. 

Although  Associate  Administrator  Robert  Seamans  did  engage  a phy- 
siologist. Xello  Pace  of  the  (University  of  California  at  Berkeley  , to  rev  iew 
and  recommend  on  NASA's  life  sciences  organization,  still  when  the  lime 
tame  to  make  a decision  Seamans  was  not  prepared  to  accept  the  summer 
study's  recommendation.  For  one  thing.  NASA's  life  sciences  effort  was 
relatively  so  small  that  a separate  office  hr  it  would  be  incongruous  along- 
side the  other  much  larger  program  offices.  More  important,  except  for 
space  biologs  and  exobiology.  NASA  was  not  conducting  life  sciences 
research  for  its  own  sake.  As  pointed  mu  before,  most  of  NASA's  work  was 
directed  toward  other  ends.  Finally,  with  regard  to  using  a peer  system  for 
reviewing  research  proposals.  NASA  did  not  have  large  sums  of  money  set 
aside  specifically  for  university  research.  A^  with  the  physical  sciences  and 
other  areas,  the  (rrogram  offices  distributed  their  monies  u here  they  would 
best  support  the  flight  objectives  of  tire  agency *. 

I~he  life  scientists,  however,  were  serious  and  constant  in  their  recom- 
mendations. In  spite  of  their  paradoxical  general  disinterest  in  space  life 
sciences,  the  community  continued  throughout  the  1960s  to  send  the  same 
recommendations  to  the  agency.  And  for  the  reasons  that  Seamans  had 
cited  originally,  the  agency  continued  to  hold  hack  until  in  1969  and  1970 
two  different  committees  once  again  urged  on  NASA  the  importance  of 
strengthening  its  setup  in  the  life  sciences. 

In  November  1969  the  President's  Sc  ience  Advisory  Committee  released 
a biomedical  report  from  what  was  called  the  Stead  Committee  of  PS  AC’s 
Sfxice  Science  and  Technology  Panel.*  ITie  committee  noted  that  manned 
spaceflight  afforded  a good  opportunity  for  biomedical  research  and  urged 
that  the  netrssarv  ground-based  research  he  done  to  develop  the  cadre  of 
|ieople  needed  to  take  best  advantage  of  this  opportunity.  The  recommenda- 
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lion  derived  from  the  long-standing  complaint  that  NASA  tailored  its 
biomedical  program  too  closely  to  the  operational  needs  of  manned  space- 
flight  and  that  hence  a great  deal  of  potentially  valuable  research  was 
being  left  undone. 

Hah  a year  later  the  Academy  of  Sciences  conducted  a space  science 
summer  study  at  the  Tniversitv  erf  California  at  Santa  Cruz,  under  the 
chairmanship  of  Kenneth  Thtmann.  The  subject  was  space  biologs  . The 
study  prr  -ned  its  report  to  the  Space  Science  Board  on  13  January  197<M* 
The  report  was  critical  of  NASA’s  space  biology  program,  wrongly  rec- 
ommending that  more  preparatory  work  be  done  on  the  ground.  NASA 
people  who  had  audited  the  summer  study  discussions  were  already  aware 
of  what  was  coming.  In  fact.  Wolf  Vishniac — research  biologist  from  the 
University  of  Rochester,  experimenter  in  the  NASA  program,  and  a 
member  of  the  Space  Science  Board — comp’ dined  to  the  author  and  John 
Naugle.  then  head  of  space  sciences,  that  the  board  was  rigging  the  study 
of  space  biology  in  such  a way  as  to  kill  tire  program,  by  choosing  partici- 
pants who  could  be  expected  to  return  a negative  report.11 

Because  of  the  continuing  displeasure  being  expressed,  which  had 
seemed  to  increase  in  intensity  in  the  last  year  or  so.  the  author  wrote 
Philip  Handler,  president  of  the  Academy,  asking  that  the  Academy  con- 
duct still  another  study  on  life  sciences  in  NASA.12  l*he  letter  was  discussed 
at  the  same  Space  Science  Board  meeting  at  which  the  Thimann  Commit- 
tee report  was  reviewed.  There  was  some  reluctance  to  make  another  study 
in  the  wake  of  so  many  previous  ones.  It  was  pointed  out  that  NASA  al- 
ready knew  the  sc  ientific  community's  views  on  the  subject  and  could,  if 
the  agency  so  w ished,  even  now  take  the  advice  it  had  been  receiving  for  a 
decade.  But  many  of  the  more  recent  studies  had  s|xeialized  in  only  one 
asjxet  of  the  life  sciences,  sue  h as  space  medicine  or  space  biology,  whereas 
NASA  wanted  an  up-to-date  look  at  the  entire  program,  including  ques- 
tions of  organization  and  management.  The  Academy  agreed  to  do  it. 

It  was  an  illustrious  group  that  met  at  Woods  Hole  in  the  summer  of 
1970  under  the  chairmanship  of  renowned  biologist  Bentley  Glass  to  go 
over  the  NASA  life  sciences  program  once  more.  After  weeks  of  thorough 
review  and  discussion,  the  committee  prepared  its  report.  As  predicted,  the 
recommendations  ujxlated  those  that  NASA  had  been  receiving  for  the  past 
10  years:  strengthen  the  ground-based  reseat ch  program;  use  various  de- 
vices to  attract  oetter  researchers  into  the  piogram.  such  as  NASA  life 
sciences  fellowships  much  along  the  lines  of  the  resident  research  assexiate- 
ships  that  Robert  Jastrow  had  instituted  1 1 years  earlier;  pull  all  life  sci- 
ences in  NASA  together  into  a single  office  of  equivalent  status  to  the  other 
program  offices:  and  provide  a more  effective  arrangement  for  getting 
advice  from  the  life  sc  iences  community. 15 

This  time,  at  the  author’s  urging,  NASA  decided  to  accept  the  main 
thrust  of  the  summer  study’s  recommendations.14  At  the  time,  declining 
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budgets  and  the  political  climate  made  it  unwise  to  create  a whole  new 
office  of  life  sciences.  Nevertheless,  the  agency  deckled  to  do  the  following: 

• Place  responsibility  for  all  NASA  life  science  activities  in  the  hands  of 
a single  director. 

• Put  much  of  the  life  sciences  staffing  under  the  new  director:  however, 
to  maintain  certain  natural  working  relations — for  example,  between 
those  working  on  man-machine  interactions  and  the  aeronautical 
research  groups — a few  life  science  elements  would  still  be  placed 
elsewhere  in  the  NASA  organization. 

• Require  the  new  director  *o  review  and  approve  ail  life  science  bud- 
gets. so  that  a properly  integrated  total  life  science  program  could  be 
developed. 

• Make  the  associate  administrator  the  point  of  contact,  within  the 
Office  of  the  Administrator,  for  the  life  sciences  director. 

• Arrange  for  frequent  meetings  of  the  administrator  and  deputy  admin- 
istrator with  the  director  of  life  sciences  to  discuss  progress  and 
problems. 

• Create  a Committee  on  Life  Sciences  under  NASA's  Space  Program 
Advisory  Council. 

Also,  the  agency  would  support  a number  of  life  sciences  fellow  ships  along 
the  lines  recommended  by  the  summer  study.  Since  most  of  the  life  sciences 
budget  went  into  the  biomedical  program  associated  with  manned  space- 
flight.  the  new’  office  was  placed  administratively  under  the  associate 
administrator  for  manned  spaceflight.  In  mid-November  the  author  called 
Bet.tley  Glass,  chairman  of  the  summer  study,  to  inform  him  of  NASA's 
plan*  relative  to  his  committee's  recommendations.15  Although  NASA's 
plans  did  not  go  as  far  as  the  committee  had  asked.  Glass  was  pleased  w ith 
the  agency’s  positive  res|x>nsc\  NASA’s  failure  to  put  the  program  office  for 
life  sciences  at  the  same  level  as  the  other  program  offices  was  a disappoint- 
ment. hut  in  the  circumstances  understandable.  Placing  all  life  sciences 
under  a single  direc  tor  was  the  improvement  most  sought  by  the  scientists. 

The  Academy  of  Sciences  made  a long  list  of  potential  candidates  for 
the  new  job  available  to  NASA,  and  several  Sjxue  Science  Board  members 
offered  their  assistance  in  trying  to  get  one  of  these  to  take  the  job.  But  here 
again,  as  Administrator  Webb  had  found  years  before  in  searching  for  a 
chief  scientist  for  NASA,  it  was  not  possible  to  lure  first-rate  researchers 
away  from  their  academic  |>osts  to  take  on  the  bureaucratic  headaches  of 
administering  a program  that  had  yet  to  sell  itself.  So,  after  considerable 
search  for  someone  from  outside.  Dale  Myers,  head  of  the  manned  space- 
flight office,  appointed  a NASA  man.  Dr.  Charles  A.  Berry,  a clinical  M.D. 
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who  had  achieved  phenomenal  success  in  dealing  with  the  needs  of  the 
medical  program  for  Gemini  and  Apollo.  NASA's  advisers  were  worried 
about  two  aspects  of  this  appointment:  first.  Bern  was  not  a research  man; 
second,  he  came  from  the  Johnson  Space  Center,  which  had  consistently 
frustrated  efforts  of  the  community  to  get  NASA  to  expand  the  research 
component  of  the  biomedical  program.  But  having  failed  to  come  through 
with  anyone  from  the  outside  research  comnuiity  to  take  the  job.  the 
scientists  were  in  a rattier  weak  position  to  complain. 

I'nder  Berry  the  new  arrangement  made  sluggish  progress  toward  the 
objective  of  a properly  unified  life  sciences  program.  When  Berry  left  in 
1974  to  assume  the  presidency  of  the  University  of  Texas  Health  Sciences 
Center  at  Houston.  Dr.  David  Winter  from  the  Ames  Research  Center  was 
named  to  replace  him.  Winter,  a research  man.  was  closer  to  the  sort  of 
person  the  life  science's  community  had  hoped  to  see  as  di  reel  or  of  NASA's 
life  sciences  program.  In  November  1973.  after  the  close  of  the  Skylab  proj- 
ect. the  life  sciences  office  was  transferred  from  manned  spaceflight — now 
renamed  the  Office  of  Space  Flight — to  the  Office  of  Space  Sciences.  Al- 
though this  still  left  life  sciences  lower  down  in  the  organization  than  the 
scientists  would  like,  nexertlieless  the  new  location  afforded  the  research 
atmosphere  they  desired. 

Thus,  in  the  1970s  NASA  was  in  a better  |M>sition  than  before  to  work 
doselv  with  members  of  the  life  science's  comtminilx  in  putting  space 
techniques  to  ust*  for  medical  and  biological  research.  Inasmuch  as  the 
l97C>s  were  to  lx*  a peiicxl  of  transition  from  the  use'  of  expendable  rockets 
to  the  use  of  the  Space  Shuttle — which  up|>earcd  to  hold  particular 
promise*  for  life  science  research  in  s|xice — it  was  double  satisfying  that 
NASA  had  found  a way  of  accommodating  itself  mote  closely  to  an  impor- 
tant group  of  its  clients. 
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Leadership  and  Changing  Times 


Of  all  the  responsibilities  placed  on  the  newly  created  National  Aero- 
nautics and  Spare  Administration,  perhaps  the  most  obvious  yet  the  most 
difficult  to  define  was  that  of  leadership.  Glennan's  leadership,  embracing 
an  enthusiasm  for  space  research  and  exploration  tempered  by  a willing- 
ness to  build  slowly  and  solidly,  was  ideal  for  getting  the  nation's  space 
program  under  way.  Space  science  managers  were  able  to  put  together  a 
v ide-ranging  program  of  earth  and  planetary  sciences,  solar  physics  and 
astronomy,  and  some  space  life  science’s.  Of  equal  importance,  they  were 
able  to  establish  with  the  scientific  community  the  kind  of  relationship  that 
would  draw  researchers  of  high  quality  into  the  program. 


NASA’s  Administrators 

Like  Glennan  before  him.  the  second  administrator,  James  E.  Webb, 
strongly  supported  a balanced  program  of  science,  technology,  application, 
and  exploration.  His  policies  assured  each  of  the  areas  a place  in  the  over- 
all program.  On  the  space  sc  ience  side  relations  with  the  scientific  com- 
munity continued  to  follow  the  patterns  established  during  Glennan's 
tenure.  The  principal  change's  were  those  brought  about  by  the  expansion 
of  the  program  that  took  place  under  Webb,  in  which  Gemini  and  Apollo 
were  undertaken,  the  university  program  was  increased,  and  the  pace  of  the 
space  science  program  was  stepfx*d  up. 

All  in  all,  the  course  of  leadership  during  Glennan's  time  and  in  the 
first  years  of  Webb's  tenure  was  relatively  smooth.  Reasonably  well- 
thought-out  projects  were  relatively  easy  to  sell.  With  rapidly  increasing 
budgets  it  was  not  too  difficult  to  maintain  a respectable  balance  among 
the  various  areas,  even  though  different  interests  might  quarrel  with  the 
relative  emphases  NASA  gave  to  the  different  parts  of  the  program. 

The  problems  facing  the  agency  were  those  having  to  do  with  getting 
on  with  the  program.1  Manned  spaceflight  people  had  to  decide  on  the 
mission  mode  for  Apollo:  w hether  ;o  use  direct  ascent,  which  Abe  Silver- 
stein  favored;  or  to  go  first  into  a near-earth  parking  orbit  and  then  on  to 
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the  moon,  which  the  Presidents  Science  Advisory  Committee  strongly 
urged:  or  to  go  into  a lunar  parking  orbit  from  which  to  land  on  the 
moon,  which  the  agency  finally  chose.  Applications  managers  had  to  work 
out  relations  with  industrial  users  of  space  technology  and  with  other  gov- 
ernment agencies  like  the  l?.S.  Weather  Bureau  and  the  Department  of 
Defense.  Decisions  were  to  be  made  on  the  kinds  ol  weather  and  communi- 
cations satellite's  »o  develop  and  who  would  operate  them.  On  the  space 
science  side,  it  was  necessary  to  determine  what  balance  to  maintain  be- 
tween observatory-class  spacecraft,  which  Abe  Silverstein  favored,  and  the 
smaller,  cheaper  ones  that  the  sc  ientific  community  preferred.  Experiments 
and  experimenters  had  to  be  selected  for  the  missions  to  be  flown.  How 
much  ground- bused  work  should  be  funded  as  preparation  for  later  flight 
experiments  had  to  be  decided.  Much  management  time  was  devoted  to 
resolving  conflicts  between  #he  maimed  flight  and  space  science  pro- 
grams—for  which  purpose  George  Mueller,  associate  administrator  for 
manned  spaceflight,  and  the  author,  associate  administrator  for  space 
science  and  applications,  finally  agreed  on  the  creation  of  a special 
manned  space  science  division.  It  was  headed  by  Willis  Foster,  one  of  the 
scientists  who  had  come  to  NASA  from  the  Office  of  Defense  Researc  h and 
Engineering  in  the  Pentagon.  Contrary*  to  one  of  the  cardinal  princ  iples  of 
organization  and  management.  Foster  was  to  have  two  bosses — Mueller 
and  the  author— an  arrangement  that  was  intended  to  give  his  division 
equal  access  to  both  the  Office  of  Manned  Space  Flight  and  the  Office  of 
Space  Science  and  Applications.-  Foster's  was  an  extremely  difficult  role  to 
play,  for  the  manned  spaceflight  office  tended  to  view  science  as  something 
that  might  support  the  achievement  of  the  Apollo  missions,  whereas  the 
space  science  managers  wanted  the  agency  to  view  manned  spaceflight  as  a 
technique  that  could  serve  pure  science  and  other  primary  objectives  of  the 
agency. 

Vet,  difficult  though  they  were,  these  problems,  including  those  of  Fos- 
ter’s division,  were  relatively  straightforward.  In  a climate  of  (xrsitive  sup- 
jxm  to  the  space  ptogram.  they  were  part  of  the  price  to  pay  for  accom- 
plishing established  goals.  But  in  the  Lite  1960s.  demands  on  leadership 
changed  severely  in  character,  Under  the  best  of  circumstances  the  Apollo 
201  fire  on  27  January  1067  would  have  been  difficult  to  live  down.5  But 
coming  at  a time  when  the  country  was  becoming  more  concerned  about  a 
variety  of  problems  other  than  whether  the  lotted  States  was  or  was  not 
ahead  of  the  Soviets  in  space,  the  impact  of  the  acc  ident  u}x>n  the  agency 
was  immeasurably  inc  reased.  A great  deal  of  Administrator  Webb's  time  was 
taken  up  in  recouping  for  NASA  the  respect  it  had  Ijern  building  up  in  the 
Mercury,  Gemini,  and  other  programs,  and  in  regaining  the  confidence  of 
the  Congress.  That  in  Apollo  the  United  States  was  on  trial,  as  it  were, 
before  the  whole  world  had  much  to  do  with  the  program's  continuing  to 
rece;  o stipjxm.  But  in  the  aftermath  of  the  congressional  hearings  and 
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internal  NASA  reviews,  Webb  began  to  sense  a slackening  of  support  for 
the  space  program. 

After  peaking  in  1966,  NASA's  annual  expenditures  began  to  decline 
sharply  as  spending  on  the  building  of  the  Apollo  hardware  passed  its 
peak.  Noitnaliy  one  might  have  expected  at  this  stage  to  begin  a small 
amount  of  advanced  work  on  some  new  project  to  replace  Apollo  after  it 
had  been  completed.  And  after  the  considerable  effort  put  into  selling 
Apollo  as  a project  to  develop  a national  capability  to  explore  and  investi- 
gate space,  it  was  natural  for  NASA  managers  to  think  of  putting  the 
Apollo  and  Saturn  equipment  to  use  NASA  planners  began  to  talk  of  an 
Apollo  Kxtetision  System.4  But  when  the  idea  of  extending  the  Apollo  proj- 
ect did  not  go  over  too  well,  a new  concept  was  introduced:  the  Apollo 
Applications  Program.5  The  name  was  meant  to  emphasize  “applying”  the 
Saturn  and  Apollo  ca(Kibility  to  other  research,  thereby  capitalizing  on  the 
very  large  investments  the  country  had  made  to  bring  that  capability  into 
being. 

During  the  muddy  period  of  planning  for  an  Apollo  Applications 
Program  that  was  not  going  to  sell.  Webb  often  stated  to  his  colleagues  in 
NASA  that  he  did  not  sense  on  the  Hill  or  in  the  administration  the  sup- 
port that  would  be  needed  to  undertake  another  large'  space  project.  When 
NASA  managers  wanted  to  come  to  grips  with  the  problem,  to  decide  on 
some  desirable  project  like  a space  station  or  a manned  base  on  the  moon 
and  then  work  to  sell  the  idea,  Webb  preferred  to  hold  hack  and  listen  to 
what  the  country  might  want  to  tell  the  agency.  It  was  his  wish  to  get  a 
national  debate  started  on  what  the  future  of  the  spate  program  ought  to 
be.  with  the  hope  that  out  of  such  a debate  NASA  might  derive  a new 
mandate  for  its  future  beyond  Apollo.  But  no  such  debate  ensued.  In  a 
country  preoccupied  with  Vietnam  and  other  issue's,  the  space*  program  no 
longer  commanded  much  attention.  If  any  leadership  was  to  l>e  provided, 
NASA  would  have  to  do  it.  since  that  vague  “they”  out  there  were  not 
going  to. 

In  this  climate  the  administrator  became  increasingly  concerned  about 
the  timing  of  the  decision  to  send  astronauts  off  on  their  first  flight  to  the 
moon.  Added  to  the  Apollo  fire,  a disaster  out  in  space  in  which  astronauts 
were  killed  in  full  view  of  the  world  might  well  destroy  not  only  the  Apollo 
project,  but  NASA  itself.  In  the  summer  of  1968,  as  the  Manned  Spacecraft 
Outer  people  were  coming  down  the  final  stretch  in  their  preparations  for 
a circumlunar  flight,  Webb  was  in  Vienna  attending  the  international 
symposium  on  space  applications  s|x>n$oied  by  the  Tutted  Nations  Com- 
mittee on  the  Peaceful  Vses  of  Outer  Space  (p.  300).  Thomas  O.  Paine, 
who  had  been  appointed  deputy  administrator  when  Robert  Seamans  de- 
cided to  leave  the  agency.6  was  at  home  in  Washington  minding  the  shop, 
and  it  fell  to  him  to  guide  the  agency  toward  the  first  manned  lunar  flight. 
When  Webb  resigned  in  October,7  the  final  go-ahead  came  from  Paine  as 
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acting  administrator.  While  mindful  of  the  hazards,  still  it  was  clear  to 
Paine  that  the  flight  h«d  to  be  attempted  some  time,  and  if  the  Apollo 
team  was  ready  it  shottld  be  now.  When  Apollo  8 came  through  w ith  fly- 
ing colors,  the  decision  was  fully  justified  and  NASA  recaptured  for  the 
time  being  the  admiring  attention  of  the  world.* 

Webb's  resignation  had  anticipated  the  change  in  administrations  that 
would  bring  a searching  reappraisal  of  the  space  program.  Although  pre- 
pared to  reap  political  harvest  from  each  Apollo  success,  incoming  Presi- 
dent Richard  Nixon  was  committed  to  an  all-out  attack  on  inflation  that 
would  call  for  some  painful  belt  tightening.  To  those  w ho  chose  to  read 
the  signals,  it  was  clear  that  the  Republican  administration  was  not  about 
to  let  the  space  budget  climb  again  to  its  mid- 1960  levels.  The  big  question 
in  the  minds  of  space  planners  was  how  low  Nixon  would  let  the  budget 
drop. 

As  an  early  step  in  assessing  the  space  program,  on  3 December  1968 
President-elec  t Nixon  asked  for  recommendations  from  a group  of  outside 
consultants  under  the  chairmanship  of  Nobel  Laureate  Charles  Townes, 
who  was  chairman  of  both  the  Space  Science  Board  and  NASA’s  Space 
Technology  Advisory  Committee.  Nixon  received  the  report  of  the  task 
force  on  8 January  1969.  but  did  not  at  the  time  chcx>$e  to  release  the 
document.9  The  report  recommended  continuation  of  a $6-hillion-per-year 
space  effort,  with  one-third  of  the  funding  for  the  Department  of  Defense* 
and  two-thirds  for  NASA.  The  task  force  disapproved  of  any  commitment 
to  a large,  orbiting,  maimed  space  station,  but  supported  the  development 
of  a space  shuttle.  The  scientists  urged  a strong  program  of  unmanned 
planetary  probes.  Of  major  importance  would  be*  a reorientation  of  the 
NASA  organization  away  from  the  manned-unmanned  dichotomy  that  had 
existed  throughout  the  1960s.  The  report  strongly  recommended  that,  in 
any  mission,  NASA  plan  to  use*  whatever  incxie — manned  or  unmanned — 
would  be  most  effective  in  achieving  the  objectives  sought.  To  tl  end 
NASA  should  stop  flying  men  just  to  flv  them  and  should  focus  on  a 
search  for  the  most  appropriate  role  for  human  beings  in  the  system. 

With  the  recommendations  of  the  outside  scientists  in  hand,  the  presi- 
dent then  called  for  a governmental  study  of  future  possibilities  for  the 
space  program.  On  IS  February  Nixon  sent  a note  to  the  vice  president,  the 
secretary  of  defense,  the  acting  administrator  of  NASA  and  the  president's 
science  adviser,  asking  them  to  meet  as  a task  group  and  to  provide  "in  the 
near  future  definitive  recommendation  on  the  direction  which  the  l\S. 
space  program  should  take  in  the  post-Apollo  peritxl.*'10  'The  president 
said  that  he  would  like  to  receive  a coordinated  proposal  In  1 September 
1969. 

At  the  president’s  request.  Vice  President  Spiro  Agnew  acted  as  chair- 
man. The  secretary  of  defense  ap|x>inteci  Rolxat  C.  Seamans,  sec  retary  of 
the  Air  Force  and  formerly  deputy  administrator  of  NASA,  to  represent  the 
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Department  of  Defense  on  the  Space  Task  Group.  Invited  observers  were 
11  Alexis  Johnson,  under  secretary  of  state  for  police  al  affairs;  Glenn  T. 
Seaborg,  chairman  of  the  Atomic  Energy  Commission;  and  Robert  P. 
Mayo,  direc  tor  of  the  Bureau  of  the  Budget.  The  group  immediately  ar- 
ranged for  their  respective  staffs  tc  conduct  the  necessary  background  stu- 
dies. The  sc  ience  adviser,  Lee  DuBridge.  with  personnel  from  the  Office  of 
Science  and  Technology,  served  as  coordinator  of  the  staff  studies. 

Both  Paine,  whom  the  president  appointed  in  March  to  the  post  of 
NASA  administrator,  and  the  vice  president  favored  an  expanded  space 
program,  Agnew  speaking  out  a number  of  times  for  sending  men  to  the 
planets.  Paine  felt  the  country  could  well  afford  many  times  what  it  was 
spending  on  space  and  pressed  for  a program  that  would  include  large 
manned  space  stations,  lunar  bases,  and  the  development  and  use  of  a reus- 
able space  transportation  system  to  replace  the  older,  expendable  boosters 
used  during  the  1960s.  In  these  views  Paine  came  into  conflict  w ith  those 
of  the  Townes  committee,  the  President's  Science  Advisory  Committee,  and 
Secretary  Seamans.  In  spite  of  his  former  NASA  connection,  .Seamans  w*as 
strongly  opposed  to  an  expansion  of  the  sfxtte  program  in  times  that  culled 
for  fiscal  conservatism.  lie  would  not  support  a large  space  station,  and 
the  shuttle  could  have  his  endorsement  only  if  it  could  be  shown  that  it 
would  indeed  generate  the  economies  claimed  for  it.11  The  President's 
Science  Advisory  Committee  called  for  a program  of  lower  costs  that  would 
focus  on  using  space  capabilities  for  benefiting  the  nation  and  the  world. 
The  committer  placed  great  emphasis  on  expanding  the  use  of  unmanned, 
as  opposed  to  manned,  techniques  in  space  research  and  application.  It 
also  recommended  studying,  “with  a view  to  early  development,  a reusable 
space  transportation  system  with  an  early  goal  of  replacing  all  existing 
launch  vehicles  larger  than  Seoul  with  a system  permitting  satellite  recov- 
ery and  orbital  assembly  and  ultimately  radical  reduction  in  unit  cost  of 
space  transportation."12 

During  this  period  Thomas  Paine  worked  continuously  to  revive  na- 
tional interest  in  a bold  and  imaginative  space  program.  He  described  the 
large  space  station  in  near-earth  orbit  as  “the  next  logical  step”  in  the 
development  of  space,  A lunar  base  would  continue  man  s exploration  of 
his  corner  of  the  universe,  provide  the  means  for  doing  much  valuable 
science,  and  capitalize  on  the  extensive  investments  already  made  in  Apollo. 
A reusable  space  transportation  system,  consisting  of  a shuttle  and  various 
auxiliary  stages  for  orbital  and  deep-space  operations,  would  tie  all  the 
endeavors  together  and  make  space  stations,  lunar  bases,  and  other  ad- 
vanced space  missions  economically  attractive.  Seeking  additional  support, 
Paine  traveled  to  Europe  pressing  for  international  cooperation  in  the 
development  and  use  of  a space  shuttle  system.15 

As  contributions  to  the  staff  studies  for  the  Space  Task  Group,  the 
President’s  Sc  ience  Advisory  Committee,  the  Department  of  Defense,  and 
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NASA  prepared  reports  of  their  own.14  Within  NASA  the  study  staff  drew 
on  planning  material  from  the  agency’s  Planning  Steering  Group  (p,  378). 
When  the  output  from  that  activity,  reflecting  a judgment  by  the  planners 
that  only  a modest  program  had  any  chance  of  selling,  proved  to  be  *oo 
conservative  for  Paine,  the  administrator  asked  the  author  to  include 
among  the  NASA  options  a piogratn  that  would  rise  to  $8  billion  a year  by 
the  mid-1970s.15  While  this  option  was  conveyed  to  the  president  in  the 
Space  Task  Group's  report,  it  received  no  serious  consideration  from  the 
administration.  Indeed,  NASA’s  lowest  option,  which  would  rise  to  above 
$5  billion  a year  by  1976,  was  more  than  the  White  House  planners  were 
ready  to  bargain  for.16  All  in  all  the  Space  Task  Group’s  report  did  not 
show  the  conservatism  the  White  House  desired  and  was  not  adopted  as 
the  president’s  blueprint  for  the  future  in  space. 

NASA  accordingly  continued  to  seek  some  sort  of  guidelines  from  the 
president  under  which  to  plan  for  the  future.  After  a period  of  negotiation 
the  sought-after  guidelines  appeared  in  the  form  of  a statement  from  Presi- 
dent Nixon  on  7 March  1970  (app.  J).17  Pointing  to  the  many  critical  prob- 
lems on  our  own  planet  that  needed  attention  and  resources,  he  neverthe- 
less stated  that  the  space  program  should  not  be  allowed  to  stagnate.  The 
nation's  approach  to  spate  should  continue  to  be  bold,  but  balanced,  and 
the  country  should  not  try  to  do  everything  at  once.  The  general  purposes 
of  the  sjxue  program  should  tie  exploration,  the  acquisition  of  scientific 
knowledge,  and  practical  applications  to  benefit  life  on  earth.  In  support 
of  these  general  purposes  he  set  forth  six  specific  objectives:  lunar  explora- 
tion, planetary  exploration  including  eventually  sending  men  to  Mars,  re- 
duction in  the  cost  of  spate  operations,  extension  of  man’s  capability  to 
live  and  work  in  space,  expansion  of  practical  applications  of  space  tech- 
nology, and  encouragement  of  greater  international  cooperation  in  space. 

By  now  the  administration’s  conservatism  as  far  as  space  was  concerned 
was  patent.  It  was  to  be  seen  in  the  qualifying  language  of  the  president’s 
space  message.  Yet  Administrator  Paine  chose  to  fcxus  on  the  president’s 
call  to  lx'  bold,  rat  Iter  than  on  his  admonition  to  proceed  at  a measured 
pace,  Paine  likened  the  space  program  to  the  great  voyages  sponsored  by 
Prince  Henry  the  Navigator,  and  encouraged  his  people  to  swashbuckle,  as 
he  put  it  (although  years  later  Paine  would  question  the  appropriateness 
of  that  term).18  The  responsibilities  of  leadership,  he  felt,  required  him  to 
get  approval  for  as  large  a space  program  as  the  traffic  would  bear,  and  to 
this  end  he  pressed  for  a wide  v ariety  of  new  starts  with  budgets  that  would 
quickly  mount  up  in  the  years  ahead  to  levels  exceeding  those  of  the  Apollo 
era.  To  raise  NASA  planning  out  of  the  conservatism  to  which  it  had  been 
depressed  by  the  political  climate,  in  June  !070  Paine  assembled  NASA 
center  directors,  program  directors  from  headquarters,  and  other  key  per- 
sons for  a five-day  meeting  at  Wallops  Island.  Virginia,  to  consider  NASA’s 
future.  Arthur  Clarke,  whose  book  The  Exploration  of  Space  had  been  in 
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the  1950s  a kind  of  blueprint  [or  the  future,  was  invited  to  be  the  keynote 
speaker  in  the  hojx*s  of  starting  the  discussion  on  a sufficiently  imaginative 
level.19 

But  NASA  talking  to  itself  this  way  had  little  effect,  certainly  none  in 
raising  budgets  that  continued  their  downward  plunge.  It  was  not  in  the 
cards  to  escalate  the  space  program  at  that  time.  NASA  was  outvoted  at 
every  turn.  The  administration  was  absolutely  dedicated  to  cost  cutting. 
Industry  was  dubious  about  the  value  of  increased  expenditures  in  space 
and  communicated  its  doubts  to  the  Whne  House.  The  Department  of 
Defense,  potentially  NASA’s  strongest  ally,  was  having  budget  troubles  of 
its  own  and  would  not  encourage  a large  competitive  drain  on  national 
resources.  The  scientific  community,  not  about  to  endorse  another  large, 
manned  spaceflight  project,  preferred  to  phase  out  manned  spaceflight- 
save  only  a possible  shuttle  program — in  favor  of  more  automated  mis- 
sions. There  was  much  sympathy  for  Van  Allen’s  call  for  a severely  reduced 
space  budget.  $2  billion  or  less  annua1  ly,  devoted  primarily  to  applications 
and  science.  Although  Van  Allen  and  Thomas  Gold  (the  latter  noted  for 
his  role  in  propounding  the  theory  of  continuous  creation  of  matter)  were 
opposed  to  the  shuttle,20  other  scientists  would  supjxirt  a shuttle  it  it  was 
really  to  be  developed  and  used  as  a tool  to  improve  space  operations  and 
reduce  their  costs.21 

There  is  a difference  of  opinion  as  to  whether  Paine’s  attempts  to  force 
the  space  budge*  far  above  the  levels  the  administration  wanted  to  see  !■  ept 
it  from  falling  lower  than  it  did.  or  were  counterproductive.  At  any  rate, 
after  Paine  resigned  in  September  1970,22  Acting  Administrator  George 
Low  made  a conscious  and  visible  effort  to  accommodate  to  the  adminis- 
tration’s desires  to  keep  spending  down.  The  new  administrator,  James  C. 
Fletcher,  not  only  continued  Low’s  policy,  but  moved  toward  a constant- 
level  budget,  which  made  the  process  of  getting  White  House  approval 
much  easier.  One  of  the  great  difficulties  NASA  had  been  experiencing  in 
introducing  new  projects  was  the  shape  of  the  funding  curve  in  the  years 
ahead.  While  the  initial  funding  for  a new  project  might  fit  into  the  cur- 
rent year’s  budget,  increasing  costs  m future  years  often  railed  for  the  total 
budget  to  rise  again.  If  the  budget  rise  was  not  approved,  then  projects 
recently  started  would  have  to  be  canceled — a painfully  difficult  d og  to 
do.  By  eliminating  this  future  bow  wave  in  the  funding  curve.  Ad  istra- 
tor  Fletcher  was  in  a much  stronger  position  than  Paine  had  been  to  asl 
for  assurances  that  NASA  would  lx‘  able  to  follow  through  on  new  project; 
mat  the  agency  started. 

This  was  important  *n  selling  the  Space  Shuttle.  In  the  cost-conscious 
climate  of  the  Republican  administration,  the  Space  Shuttle  became  the 
only  salable  manned  spaceflight  project.  After  the  Skylab  flights  in  1973 
and  the  ApoIIo-Soyu/  mission  in  197%  it  would  not  lx*  possible  to  gain 
sup|xrrt  for  more  of  the  very  expensive  missions,  any  of  which  would  drive 
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the  NASA  budget  skyward  again.  In  contrast,  the  Space  Shuttle  costs  as 
finally  approved  would  fit  into  a budget  profile  for  the  1970s  w hich,  when 
computed  in  1971  dollats,  would  allow  only  a slight  rise  in  the  first  half  of 
the  decade. 


Manned  Space  Science 

Leadership  at  the  top  provided  the  template,  as  it  were,  for  the  leader- 
ship exercised  by  NASA  managers  lower  down.  .As  stated  earlier  the  straight- 
forward. though  franticallv  busy,  years  of  G Ionian's  tenure  and  Webb's 
first  years  as  adn  aistrator  afforded  an  ideal  climate  for  program  people  to 
establish  their  working  relations  both  inside  and  outside  the  agency.  As  for 
space  science,  at  times  NASA  was  pelting  and  the  scientific  community 
reluctantly  follow  ing,  as  with  observatory  spacecraft,  the  manned  space- 
flight program,  and  later  Viking.  At  other  times  NASA  was  being  pushed 
by  an  impatient  clientele,  as  was  illustrated  by  the  scientists'  desire  for 
more  sounding  rexkets,  for  individually  assigned  Fxplorer-c  lass  satellites, 
more  Pioneer-class  probes  to  Venus  ana  othe«  planets,  and  the  utter  dissat- 
isfaction with  NASA's  organizational  arrangements  in  the  life  sciences. 

For  space  science  one  of  the  most  difficidt  problems  of  leadership,  both 
inside  and  ouHdc  NASA,  concerned  the  manned  spaceflight  program. 
Underlying  the  prevailing  discontent  in  the  scientific  community  regard- 
ing this  program  was  a rather  general  conviction  that  virtually  every  thing 
that  men  could  do  in  the  investigation  of  space,  including  the  moon  and 
planets,  automated  spacecraft  could  also  do  and  at  much  Sower  cost.  This 
conviction  was  reinforced  b\  the  Apollo  program's  being  primarily  engi- 
neering in  character.  Indeed,  until  after  the  success  of  Apollo  //,  science 
v as  the  least  of  Apollo  engineers*  concerns.  Further,  the  manned  projec  t 
appeared  to  devour  huge  sums,  only  small  fractions  ol  which  could  have 
greatly  enhanced  the  unmanned  space  science  program.  It  has  been  seen 
how  suc  h concerns  colored  the  proceedings  of  the  sfxue  science  summer 
study  in  Iowa  City  in  the  summer  of  1%2  and  led  to  Philip  Abelson's 
campaign  against  the  manned  spaceflight  program  (p.  209). 

The  science  program  managers  in  NASA  rallied  in  support  of  the 
agency's  manned  spaceflight  projec  ts,  but  they  had  their  difficulties  inter- 
nally. As  the  nation's  top  priority  space  projec  t.  A|)ollo  enjoyed  a com- 
manding position  when  it  came  to  funds  and  .eqursts  for  support  from 
other  parts  of  NASA.  With  regard  to  the  latter.  Ranger  and  Lunar  Orbiter 
pic  ture's  of  the  moon  and  Surveyor  data  on  properties  of  the  lunar  surface 
were,  to  Apollw  people,  a source  of  engineering  information  that  had  come 
too  late  to  be  used  in  the  original  design  of  lunar  spacecraft  and  were  none 
too  soon  for  planning  the  A|x>llo  missions.**  Apollo's  need  for  lunar  data 
tended  to  constrain  the  planning  of  unmanned  investigations  of  the  moon. 
Apollo  engineers  sou  \i  from  the  unmanned  program  sjx'cific  discrete 
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iieim  of  information^  such  as  the  bearing  strength  of  the  lunar  soil  and  the 
distribution  of  craters  and  rubble  on  the  surface.  But  spare  scientists  in- 
sisted the  desired  information  could  be  had  from  an  investigation  of  the 
moon  that  would  provide  an  understanding  of  the  basic  processes  that  had 
gone  into  the  treat  ion  of  the  moon  and  its  surface  features.  Moreover,  such 
an  understanding  wouk!  make  it  possible  to  answer  specific  questions  not 
now  foreseen  that  might  come  up  later:  concentrating  too  narrowly  on 
unrelated  individual  measurements  could  be  self-defeating  in  the  long  run. 
The  engineers  were  not  convinced  and  this  insistence  of  the  scientists  on  a 
thorough  scientific  investigation  appeared  like  an  unwillingness  to  be  help- 
ful. or  wot  sc,  a self-centered  desire  to  have  it  one's  own  way.  Moreover,  the 
Apollo  people  pointed  out.  the  manned  missions  would  make  possible  all 
that  the  unmanned  spacecraft  could  do  and  i;tore.  and  the  scientists  ought 
to  wait  for  Apollo  to  provide  the  means  for  making  the  definitive  studies 
they  desired. 

The  troubles  between  the  space  scientists  and  the  mantled  spaceflight 
engineers  were  enhanced  by  a decision  of  the  associate  administrator. 
Robert  Seamans,  that  the  Office  of  Space*  Science  and  Applications  would 
assume  responsibility  for  all  space  science  in  the  NASA  program,  includ- 
ing that  done  on  maimed  missions,  but  that  the  monies  for  manned  spine 
science  projects  would  be  put  in  the  manned  sjMceflight  budget,  where 
they  would  be  less  likelv  to  be  cut  in  the  congressional  review  process.*4 
The  Office  of  Sfiace  Science  and  Applications  understood  that  this  was 
simply  a budget  "'g  device  and  that  after  NASA's  approoriaaons  had  been 
secured  the  manned  space  science  monies  needed  for  advanced  research  and 
the  design  and  prototype  work  on  manned  sfiace  science  experiments 
woidd  be  transferred  to  space  science.  But  George*  Mueller  did  not  do  this. 
Instead  he  undertook  to  review  and  pass  on  the  *n  tended  space  science 
work  before  releasing  money  from  his  budget.  In  this  way  Mueller  exer- 
cised  the  control  over  the  manned  space  science  program  that  had  sup- 
posedly been  assigned  to  the  Office  of  Space  Science  and  Applications.  It 
is.  in  fact,  a cardinal  principle  of  management  that  the  one  who  has  the 
inoncv  has  the  control.**  Thus  Seamans  had  given  the  sjxicc  science  man- 
agers a responsibility  for  which  they  didn’t  have  the  necessary  clout. 

The  author  met  periodically  with  Mueller  in  an  effort  to  develop  a 
satisfactory  working  relationship.  The  manned  space  science  division 
under  Willis  Foster  was  one  of  the  devices  agreed  on  to  bring  the  two  offices 
closer  together  (p.  284).  But.  while  Mueller  appeared  to  the  scientists  to  Ik* 
lairh  lavish  in  alienating  funds  to  the  engineering  as|K*t  is  of  the  manned 
siraceflight  program,  he  suddenly  became  very  cost  consc  ious  when  it  came 
to  supporting  science.  In  this  climate  the  scientists  were  unable  to  dis- 
charge properly  the  responsibility  that  Seamans  had  assigned  to  them,  and 
thev  quite  naturally  tended  to  direct  their  attention  to  the  unmanned  s|xitr 
science  program.  Noting  this,  manned  sjxtceflight  fx*rsonnel  accused  the 
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spiKr  scientists  of  neglect.  Ignoring  that  their  office  was  withholding  the 
monies  that  had  been  slated  for  support  of  manned  space  science,  they 
asked  why  the  Office  of  Space  Science  and  Applications  wouldn’t  put  some 
of  its  own  funds  into  the  important  area  of  manned  space  science.  To  the 
science  managers  who  were  already  having  enough  difficulties  meeting  the 
needs  and  demands  of  the  scientific  community,  this  question  appeared 
infuriatingly  obtuse. 

As  for  the  scientific  community,  to  cut  back  on  the  unmanned  pro- 
gram to  fund  a manned  space  science  program  would  have  generated  a 
major  crisis.  Supporting  an  adequate  unmanned  program  could  keep  the 
periodic  attacks  of  the  scientists  on  the  manned  program  within  bounds. 
Those  scientists  who  did  participate  in  the  manned  flights  found  the  exer- 
cise much  more  difficult  than  working  in  automated  spacecraft.  Schedules 
were  tighter  and  oriented  toward  engineering  and  operational  requirements, 
rather  than  toward  science.  Documentation  and  lest  requirements  were  an 
order  of  magnitude  greater  than  those  for  unmanned  missions,  where  the 
life  of  an  astronaut  was  not  in  the  balance. 

The  frustrations  felt  by  the  scientists  were  illustrated  by  those  expressed 
by  Eugene  Shoemaker,  a geologist  from  the  ILS.  Geological  Survey  w*ho 
early  went  to  work  with  the  Manned  Spacecraft  Center  in  preparing  for  the 
Apollo  missions  to  the  moon.  Shoemaker  s participation  in  the  NASA 
program  was  in  keeping  with  an  arrangement  between  NASA  and  the 
Geological  Survey  that  ITiomas  Nolan,  director  of  the  Survey,  and  the 
author  had  agreed  on.  Nolan  committed  the  support  of  lTSGS  scientists, 
while  NASA  (the  author)  agreed  to  use  this  support  and  not  to  build  up 
within  the  agency  another  liitle  Geological  Survey.  The  agreement  was 
informal,  arrived  at  over  lunch  at  NASA  Headquarters,  and  never  went  to 
the  Administrator’s  Office  for  his  blessing.  In  spite  of  the  informality, 
however,  the  agreement  had  a major  effect  on  the  shape  of  the  geology 
portion  of  the  space  science  program. 

Cnder  the  aegis  of  this  agreement — perhaps  without  ever  being  aware 
of  its  existence — Gene  Shoemaker  worked  long  and  hard  with  the  Manned 
Spacecraft  Center  and  the  astronauts  to  plan  a lunar  exploration  program, 
to  develop  cameras  and  instruments  for  photography  and  measurements  of 
the  moon,  and  to  help  train  the  astronauts  in  the  geological  sciences  and 
in  the  techniques  of  field  work.  Shoemaker  was  instrumental  in  arousing 
and  maintaining  the  interest  of  the  earth  sciences  community  in  lunar 
science.  He  and  his  colleagues  contributed  much  to  the  success  of  the 
Apollo  astronauts  in  their  geological  exploration  of  the  moon. 

It  was  a shock,  then,  to  manned  spaceflight  personnel  members  when, 
after  the  resounding  success  of  Apollo  //,  their  colleague  and  former  mentor 
hegan  to  blast  them  for  alleged  shortcomings  in  Apollo.  Shoemaker  con- 
tended that  in  the  name  of  engineering  and  safety  requirements  serious 
scientific  shortcomings  had  been  designed  and  built  into  the  Apollo 
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hardware— unnecessarily.  Shoemaker  contended  ttv>;  this  was  due  primar- 
ily to  utter  in:«nsitivity  to  the  needs  and  interests  o science  and  that  if 
properly  designed.  Apc!*n  would  have  been  able,  witnout  danger  or  com* 
promise  to  operational  requirements,  to  contribute  far  more  to  science  than 
it  was  going  to.  Shoemaker  was  particularly  incensed  over  the  canceling  of 
seeral  planned  Apollo  missions.  In  a talk  before  the  American  Association 
for  the  Advancement  of  Science  in  December  1969,  he  likened  the  first 
Apollo  landing  to  the  first  exploratory  trip  of  John  Wesley  Powell  down 
the  Colorado  River  and  through  the  Grand  Canyon.  Both  were  courageous 
and  fruitful  ventures.  But  Powell’s  first  trip  was  followed  by  years  of  inten- 
sive study  of  the  geology  of  the  Grand  Canyon,  which  provided  the  real 
scientific  return  and  practical  benefit  of  those  explorations,  whereas  Apollo 
was  going  to  be  cut  off  too  soon  after  the  initial  landing  to  capitalize 
properly  on  the  tremendous  investments  already  made.2* 

Shoemaker  seized  every  opportunity  to  take  up  the  issue  and  to  casti- 
gate NASA.  NASA  people  felt  the  affront  deeply.  Shoemaker  had  come 
into  the  space  program  an  unknown,  just  beginning  his  scientific  career. 
Sizable  sums  of  money  had  been  devoted  to  support  his  research,  and 
NASA  had  in  effect  financed  much  of  his  career.  Why  couldn't  Shoemaker 
criticize  in  private  and  praise  in  public?  And.  anyway,  what  good  was  all 
the  criticism  going  to  do?  NASA  lacked  the  funds  to  continue  Apollo  land- 
ings much  longer.  Moreover,  voices  on  the  Hill  were  asking  why  the 
agency  didn't  just  stop  all  further  lunar  missions,  since  each  new  flight 
exposed  NASA  and  the  country  to  a possible  catastrophe  and  the  loss  of 
much  of  the  good  that  h;id  already  been  achieved — a possibility  that  was  not 
lost  upon  those  conducting  the  missions. 

l.ittlc  could  be  done  in  the  way  of  backtracking  and  redoing  the 
Apollo  hardware,  but  some  steps  could  be  taken  with  regard  to  how  the 
existing  hardware  was  used.  Yielding  to  strong  pressure  from  the  scientific 
community,  supported  by  scientists  within  NASA,  the  Johnson  Space  (en- 
ter* inaugurated  a new  era  in  relations  with  the  scientific  community. 
Lines  of  communication  between  the  experimenters  and  astronauts  and 
engineers  were  strengthened,  during  both  preparation  and  flight  periods. 
I’he  experimenters’  feeling  of  effectiveness  increased  steadily  with  eac  h new 
Apollo  mission  until  with  Apollo  17.  which  carried  geologist  Harrison 
Schmitt,  the  scientists  were  positively  ecstatic. 

Teams  assembled  front  the  outside  scientific  community  by  the  John- 
son Space  ( cuter,  to  help  plan  for  the  lunar  exploration  and  to  advise  on 
the  allocation  and  analysis  of  lunar  samples,  did  yeoman  service,  and  their 
advice  was  heeded.  Their  efforts  received  considerable  praise  from  the 
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scientific  community,  although  naturally  there  were  always  those  who 
were  dissatisfied  with  some  of  the  recommendations  made  for  allocating 
lunar  samples.  With  the  advice  of  these  groups  NASA  supported  the  outfit- 
ting of  laboratories  and  the  preparatory  work  necessary  to  get  ready  to 
analyte  samples  when  they  should  become  available,  thus  building  up  a 
team  of  hundreds  of  scientists  around  the  country'  to  take  pan  in  this 
unique  project.  The  result  was  a revitalization  of  lunar  science,  and  more 
imponantly.  a development  of  new  and  improved  instruments  and  tech- 
niques for  geochemical,  geophysical,  and  ininera logical  analysis.  Follow- 
ing the  return  of  the  first  lunar  samples,  it  was  not  long  before'  more  than 
700  researchers  around  the  world  were  thoroughly  involved  in  their  analy- 
sis and  study.  The  Johnson  Center  sponsored  annual  meetings  in  Houston 
to  make  rejKvrts  and  discuss  results.  Attended  by  hundreds  of  scientists  from 
various  fields  and  many  countries,  these  attracted  considerable  audition 
from  the  press. 

ITiis  success  gave  rise  to  another  of  the  debates  in  which  NASA  so 
often  found  itself  embroiled.  After  the  first  rush  of  analysts  and  study  of  the 
lunar  samples  was  over,  the  time  arrived  for  more  work  on  integrating 
disparate  results  into  a connected  and  understandable  whole,  in  particular 
to  atienifH  to  discern  what  the  new*  information  meant  with  regard  to  the 
origin  and  development  of  the  moon,  the  solar  system,  and  the  earth.  At 
this  stage  there'  was  no  longer  need  fen  so  many  hundreds  of  invest igators. 
and  it  made  eminent  sense  for  NASA  to  plan  to  fund  only  a part  of  those 
previously  supported  bv  the  agency.  Such  steps  were  unequivocally  recom- 
mended by  NASA’s  advisers,  who  accordingly  shared  in  playing  the  role  of 
the  villain  in  the  reductions  that  followed. 


Findinc.  im  Way  Or  1 

The  vox  success  that  James  Webb  had  had  in  selling  Saturn  and 
Apollo  as  projects  to  develop  a powerful  national  capability  to  operate  in 
and  use'  space  as  the  country  might  decide  in  the'  national  interest  set  the 
stage  for  the  dismal  lack  of  success  in  the  first  attemjHs  to  plan  for  a 
follow-on  to  Apollo.  For  it  had  not  been  foreseen  that  A|x>lIo  and  Saturn 
hardware  would  have  to  lx*  regarded  as  "first  generation.”  highly  e\|x*ri- 
mental  and  much  too  costlv  to  maintain  as  the  basis  of  a continuing 
national  space  capabi lily.  Naturally  die  manned  sj>aceHight  people  wanted 
to  stay  in  business,  and  Webb’s  reluctanc  e to  let  go  of  his  original  dream 
fostered  planning  to  continue  to  use*  Apollo  hardware.  Paine's  desire  to 
swash  hue  kle  reinforced  the  efforts  to  keep  the  Saturn  and  Apollo  manufac- 
turing line's  ojxn.  Flint  m ientists  ojx*nIy  op|x>scd  any  continuation  of  the1 
Apollo  kind  of  ofx'ration  was  a sc  nix'd  to  their  usual  idiosyncrasies.  Thai 
the  scientists  kept  insisting  they  could  not  come  up  with  any  real  require- 
ments for  science  in  a space  station  was  overlooked,  and  planning  went 
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ahead.  Firsi  Mueller  proposed  a "wet  workshop/'  in  which  the  spent 
S-IVB  stage  of  Saturn  would  be  dried  out  in  orbit  and  outfitted  there  for 
use  as  a temporary  space  station.  1 alter  that  was  replaced  with  the  "dry 
workshop/'  in  which  tire  Saturn  stage  would  be  outfitted  on  the  ground 
and  then  launched  into  orbit  for  the  same  purposes.  In  a vague  way  the 
workshop  was  thought  of  as  a transition  to  a more  permanent  program  of 
using  Saturn  and  Apollo  hardware*  for  the  continuing  exploration  and  in- 
vestigation of  space. 

Not  until  NASA  finally  recognized  that  Saturn  and  Apollo  had  to  go, 
could  a way  to  the  future  be  plotted.  Then  the  Skylab  workshop  could 
emerge  as  a limited  project  that,  with  the  A|x>llo-Soyu/  mission,  would 
wind  up  the  Apollo  era.  Once  the  decision  had  been  taken  to  close  out 
Apollo  and  to  concentrate  on  reducing  the  crisis  of  oj mating  in  space,  the 
Space  Shuttle  could  fall  into  place  as  the  keystone  of  the  future. 

During  NASA'*  tirst  10  years — when  the  agency  had  ltd  with  a reason- 
able and  acceptable,  yet  aggressive,  program— NASA  haci  enjoyed  a 
strong  followership.  But  in  the  hue  1960s  when  NASA  had  attempted,  in  a 
totally  unsuitable  climate,  to  continue  to  use*  the  costly  Apollo  hardware, 
that  followership  was  almost  lost.  Iti  a country  at  the  moment  only  |>eriph- 
etallv  interested  in  space.  James  Webb  had  (ottnd  it  ini|x»ssiblc  to  generate 
a national  debate  that  might  furnish  some  guidance  for  the  agency. 
Thomas  O.  Paine's  efforts  in  1969  and  1970  to  gain  approval  for  a very 
large,  very  expensive  program  including  space  stations,  lunar  buses,  and 
shuttle's  had  gained  neither  administration  nor  grass  roots  support.  But  the 
fourth  administrator.  James  C.  Fletcher,  found  the  country  willing  to  sup- 
[K>rt  an  imaginative  program  as  long  as  costs  could  be  kept  down.  In  a 
program  dedicated  to  economy  and  usefulness.  Fletc  her  was  able  to  include 
the  development  of  a Space  Shuttle  which  would  put  manned  spaceflight 
to  use*  in  serving  the  agency's  scientific  and  applications  objective's,  NASA 
tlie'ii  recaptured  the  leadership  that  for  a brief  time  had  faltered. 

rims,  with  a program  dedicated  to  service  and  economy,  NASA 
emerged  from  the  confusion  and  uncertainties  of  the  late  1960s  with  a 
renewed  commitment  to  a strong  T.S.  presence  in  space.  Starting  with  an 
uncertain  lease'  on  life,  with  each  passing  year  the  Shuttle  strengthened  its 
{Misition  in  NASA's  future.  In  the  light  of  the  Shuttle's  advancing  devel- 
opment. the  1970s  became  a period  of  transition  from  the  pioneering  era  of 
the  1930s  and  1960s  to  the  1980s,  wlieti  many  ex|iee  ted  sjiace  operations  to 
Ix'coine  routine. 


Part  V 


The  Scope  of  Space  Science 


I am  the  owner  of  the  sphere. 

Of  the  seven  stars  and  the  solar  year. 

Of  C.aesar's  hand,  and  Plato’s  brain. 

Of  Lord  Christ's  heart,  and  Shakespeare's  strain. 

Ralph  Waldo  Emerson,  "The  Absorbing  Soul” 
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Only  a few  years  after  Sputnik,  the  scope  of  space  science  reached 
beyond  America’s  shores  to  many  other  parts  of  the  globe.  The  predispos- 
ing cause  was  doubtless  the  political  interest  of  U.S.  leaders  in  recapturing 
leadership  in  space  while  projecting  an  image  of  peaceful  purpose  and 
cooperativeness  in  the  world.  In  this  regard  science  could  help  to  broaden 
the  base  of  the  space  program. 

A fundamental  assumption  underlying  the  practice  of  science  is  that 
the  laws  of  nature  hold  throughout  the  universe.  Nature  itself  makes  science 
international  in  character  and  provides  a strong  basis  for  international 
cooperation  in  science.  The  history'  of  science  bears  out  the  point,  for  the 
insights  that  gave  rise  to  great  new  advances  in  science  have  come  from  all 
over  the  globe. 

It  wa s,  therefore,  to  be  expected  that  NASA  would  quickly  be  involved 
in  international  activities  in  space  science.  In  fact,  with  roots  in  the  Inter- 
national Geophysical  Year,  which  had  already  generated  a lively  interest  in 
the  potential  of  satellites  for  scientific  research,  one  might  argue  that  the 
appearance  of  an  international  component  in  the  NASA  space  science  pro- 
gram was  inevitable.  The  moment  NASA  took  over  responsibility  for  the 
Vanguard  program  from  the  Naval  Research  .Laboratory,  the  agency 
acquired  a number  of  international  commitments,  like  those  of  the  satellite 
geodesy  program  that  proved  so  touchy  for  a w hile. 


PoiJTiCAi  .Context 

Sputnik  1 got  the  attention  of  an  entire  world.  In  various  ways  politi- 
cal and  scientific  organizations  made  their  interests  in  space  research  and 
applications  known.  It  seemed  natural,  for  example,  for  the  staff  of  the 
North  Atlantic  Treaty  Organization  to  suggest  cooperative  effoits  in  space 
under  the  aegis  of  NAT  O.  In  spite  of  their  superficial  reasonableness,  these 
overtures  were  not  supported  by  Department  of  State  or  NASA  managers, 
primarily  because  a cooperative  program  under  NATO  would  reintroduce 
those  military  overtones  Congress  had  already  rejected  in  not  assigning  the 
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U.S.  space  program  to  the  Pentagon.  Thus,  in  spite  of  his  !ong  association 
with  NATO’s  Advisory  Group  for  Advanced  Research  and  Development, 
Dryden,  with  guidance  from  the  State  Department,  turned  down  these  sug- 
gestions from  the  NATO  staff,  pointing  out  that  individual  NATO  coun- 
tries could  cooperate  with  NASA  on  their  own  initiative  without  invoking 
the  NATO  name. 

The  United  Nations  was  another  matter.  Here  among  a large  number 
of  the  world  s nations,  a deep  interest  was  to  be  expected  in  activities  that 
would  fly  rockets  and  spacecraft  over  the  sovereign  territories  of  U.N.  mem- 
bers. On  19  November  1958,  the  United  States  and  19  other  countries 
jointly  introduced  a resolution  into  the  General  Assembly  of  the  United 
Nations  railing  for  the  creation  of  an  ad  hoc  committee  on  the  peaceful 
uses  of  outer  space.1  The  committee  was  established  in  December  and  net 
from  6 May  to  25  June  1959  at  U.N.  Headquarters  in  New  York  City  to 
discuss  a variety  of  subjects  related  to  international  interest  in  space  mat- 
ters.2 It  was  soon  realized  that  the  United  Nations  was  in  no  position  to 
assume  operational  responsibilities  in  a space  program— although  for  a 
brief  period  there  was  some  discussion  of  such  things  as  launching  sites 
run  by  an  organ  of  the  United  Nations.  International  competence  in  science 
resided  in  the  International  Council  of  Scientific  Unions  and  its  unions, 
while  many  aspects  of  practical  applications  of  space  would  apparently  fall 
under  already  existing  U.N.  organizations  such  as  the  World  Meteorologi- 
cal Organization  and  the  International  Telecommunications  Union.  As  a 
consequence  the  ad  hex  committee  recommended  against  the  c reation  of 
either  a new  agency  or  any  sort  of  central  control  for  space  activities. 
Instead  it  was  suggested  that  there  be  a focal  point — in  the  nature  of  an 
international  secretariat — to  facilitate  international  cooperation  in  the 
peaceful  use's  of  space.1 

Differences  of  view  between  the  United  States  and  the  Soviet  Union 
tended  to  dominate  the  disc  ussions  in  the  committee  for  the  first  two  years 
or  so.  The  Soviet  Union  wished  to  establish  at  the  outset  a set  of  general 
principles  to  guide  space  activities,  while  the  United  States  preferred  to 
develop  an  international  |x>Iicy  by  practice,  moving  step  by  step  with  indi- 
vidual, limited  agreements.  After  extensive  exploratory  discussion,  the  way 
was  dear  to  move  ahead  on  a firmer  basis,  and  General  Assembly  resolu- 
tion 1721  created  a permanent  Ckrmmittee  on  the  Peaceful  Uses  of  Outer 
Space  with  28  members.4  The  resolution  became  a basic  document  on 
space,  among  other  things  commending  to  member  states  that  international 
law  apply  to  outer  space  and  celestial  Ixxlies,  that  both  sjxice  and  celestial 
bodies  be  free  to  all  and  not  subject  to  national  appropriation,  and  that 
member  state's  should  rejxm  space  launchings  to  the  U.N.  for  registration.* 

The  (lermanent  committee  provided  for  two  subcommittees,  one  legal, 
the  other  scientific  and  technical.  Although  the  deliberations  of  the  Legal 
Subcommittee  cxcasionallv  touched  upon  the  interests  of  the  scientists,  the 
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other  subcommittee  usually  provided  the  forum  for  space  science  matters. 
The  function  ot  the  committee  and  its  subcommittees  was  regarded  as  one 
of  aiding  and  encouraging  members  rather  than  one  of  getting  into  opera- 
tional programs.  In  this  vein,  at  the  meeting  of  the  Scientific  and  Techni- 
cal Subcommittee  in  Geneva  in  May  and  June  1962.  the  subcommittee 
gave  special  attention  to  helping  the  less  developed  countries  to  pursue 
some  of  their  interests  in  space.  Much  discussion  was  devoted  to  training 
and  education  for  scientists  and  engineers  of  the  smaller  countries,  and 
various  means  of  meeting  this  need  were  recommended.  The  subcommittee 
recommended  publication  of  information  on  national  space  programs  and 
of  technical  information  needed  by  nations  just  beginning  space  research. 
A major  recommendation  asked  for  United  Nations  sponsorship  of  sound- 
ing rocket  ranges  that  met  prescribed  conditions,  including  openness  and 
accessibihty  to  all  member  states.6 

By  the  next  year  India,  with  assistance  from  a number  of  countries  in 
supplying  launchers,  tracking  equipment,  computers,  and  aircraft,  was 
well  along  in  construction  of  a sounding  rocket  range  on  the  geomagnetic 
equator  at  Thumba.  Since  the  range  was  to  be  operated  in  keeping  with 
the  principles  laid  down  by  the  United  Nations,  U.N,  sponsorship  was 
accorded  the  range,  under  whic  h aegis  India  hosted  a great  many  launch- 
ings by  other  nations.7 

When,  half  a dec  ade  later,  in  August  of  1968,  the  c ommittee  sponsored 
a symposium  on  the  peaceful  use's  of  outer  space,  space  had  become  big 
business:  and  almost  fourscore  countries  panic  ipated  in  one  way  or  another. 
Administrator  Webb  consideied  the  symposium  of  sufficient  importance  to 
attend  in  person.  The  United  States,  the  Soviet  Union,  and  numerous  other 
countries  could  rejx>rt  on  a wide  variety  of  space  M ience  results.  As  a pre- 
lude to  the  imminent  American  manned  flights  to  the  moon,  both  the  U.S. 
and  the  USSR  reviewed  results  from  their  unmanned  lunar  spacecraft.  On 
the  science  side  problems  were  minimal:  but  some  knotty  questions  were 
raised  in  spate  applications,  suc  h as  international  cooperation  in  commer- 
cial space  communications  systems  and  the  delicate  subject  of  space  pho- 
tography for  earth-resource  surveys.  In  earth-resource  photography,  the 
prosjHTt  of  substantial  benefits  to  themselves  led  the  countries  to  acquiesce, 
at  least  as  far  as  accepting  research  satellites.  Operational  satellites  were  a 
question  that  could  be  resolved  later.**  These  questions,  bearing  on  interna- 
tional relations  in  space  applications,  are  beyond  the  scojx*  of  this  bcx>k. 

The  natural  arena  for  international  cooperation  in  space  sc  ience  was 
that  of  the  international  Council  of  Scientific  Unions,  which  had  spon- 
sored the  International  Geophysical  Year.  As  might  have  been  ex|xrted, 
IGY  spawned  a number  of  continuing  activities,  for  whic  h sjxc  ial  commit- 
tees were  formed,  such  as  the  Special  Committee  lot  Antarctic  Research 
and  the  Sjxc  ial  Committee  for  Oceanographic  Research.  Among  them  was 
the  Committee  on  S|>ace  Research  (COSPAR).* 
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For  a brief  period  substantial  difficulties  loomed.  Miffed  at  the  high 
proportion  of  Western  representation  on  the  committee,  the  Soviet  Union 
chose  to  introduce  political  considerations  into  sessions  of  the  nonpolitical 
COSPAR.  At  the  March  1959  meeting  in  The  Hague,  Prof.  E.  K.  Federov,  a 
tough,  hard-line  negotiator,  showed  up  instead  of  Anatoly  Blagonravov  to 
represent  the  USSR.  Federov’s  insistence  that  not  only  Soviet  bloc  coun- 
tries, but  also  the  Ukraine  and  Byelorussia,  should  be  admitted  to  COSPAR 
as  independent  members  evoked  a general  consternation.  American  atten- 
dees pointed  out  that  this  was  like  asking  that  a couple  of  states  like  Texas 
and  New  York  be  members  in  addition  to  the  United  States.  The  commit- 
tee would  not  go  along,  and  Federov  read  what  was  apparently  a prepared 
statement  that  under  the  circumstances  the  USSR  would  not  be  able  to 
participate  in  the  Committee  on  Space  Research.10 

It  looked  as  though  COSPAR  might  have  to  proceed  without  the  par- 
ticipation of  one  of  the  two  major  launching  nations.  But  the  U.S.  delegate, 
Richard  Porter,  put  forth  a counterproposal  that  any  nation  interested  in 
and  engaged  in  some  way  in  space  activities  could  be  a member  of  the 
committee.  Porter’s  motion  was  adopted,  paving  the  way  for  admitting 
Soviet  bloc  countries.  Also  the  committee  agreed  to  accept  on  its  Executive 
Committee  a Soviet  vice  president  and  a lT.S.  vice  president,  thus  assuring 
both  countries  of  permanent  positions  on  the  executive  body  of  COSPAR. 
With  these  compromises,  the  Soviets  did  not  pull  out,  and  for  future  meet- 
ings Blagonravov  returned  as  the  Soviet  representative. 

There  were  two  kinds  of  membership  in  COSPAR — representation 
from  a number  of  interested  scientific  unions,  like  the  Unions  of  Geodesy 
and  Geophysics.  Scientific  Radio,  Astronomy,  and  Pure  and  Applied 
Physics:  and  national  members.  The  former  provided  the  ties  with  the 
international  scientific  organizations.  But  the  ultimate  strength  of  COSPAR 
lay  in  the  national  memberships,  for,  as  with  the  International  Geophysi- 
cal Year,  ihe  individual  countries  would  pay  for  and  conduct  research. 
When  at  the  same  March  1959  meeting  attended  by  Federov  the  United 
States  offered  to  assist  COSPAR  members  in  launching  scientific  experi- 
ments and  satellites,  the  future  of  COSPAR  seemed  assured.11 

COSPAR  met  annually,  varying  the  place  of  meeting  to  give  different 
countries  the  opportunity  to  act  as  host.  The  sessions  consisted  normally  of 
two  parts,  a scientific  symposium  on  recent  space  science  results  or  on 
some  topic  of  importance  to  space  science.12  and  discussions  of  plans  and 
problems.  To  facilitate  the  latter,  working  groups  were  established  with 
appropriate  representation  from  interested  countries  and  unions.  Perhaps 
the  most  notable,  and  controversial,  of  these  was  the  group  set  up  to  look 
into  undesirable  side  effects  of  space  activities  Because  of  concerns  in  the 
scientific  community  over  possible  compromise  of  other  scientific  activities 
by  space  research— for  example,  interference  of  radio  signals  from  satellites 
with  ground-based  radio  astronomy — the  International  Council  of  Scien- 
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lific  Unions  passed  a resolution  in  1961  calling  on  COSPAR  to  examine 
proposed  experiments  that  might  have  potentially  undesirable  effects  cm 
scientific  activities  and  observations,  and  to  make  careful  analyses  and 
quantitative  studies  available  to  scientists  and  governments.15  COSPAR 
responded  with  resolution  1 (1962)  setting  up  a Consultative  Group  on 
Potentially  Harmful  Effects  of  Space  Experiments,  under  the  chairmanship 
of  Vikram  Sarabhai.  physicist  and  later  head  of  India's  atomic  energy 
agency.14  There  were  representatives  from  the  two  major  launching  coun- 
tries, Russia  and  America,  and  several  “neutral"  members.  The  president 
of  COSPAR,  H.  C.  van  de  Hulst,  felt  the  consultative  group's  task  suffi- 
ciently important  that  he  himself  should  also  serve.  The  group  plunged 
into  a study  of  such  matters  as  the  effects  of  rocket  exhausts  on  the  atmos- 
phere and  of  high-altitude  nuclear  explosions  on  the  earth's  radiation  belts. 

The  purpose  of  the  consultative  group  was  initially  scientific  but  the 
subject  was  bound  in  time  to  bring  in  political  considerations.  At  the  May 
1963  meetings  of  the  Scientific  and  Technical  Subcommittee  of  the  Com- 
mittee on  the  Peaceful  Uses  of  Outer  Space.  Soviet  Delegate  Blagonravov 
kept  bringing  up  the  matter  of  U.S.  high-altitude  nuclear  tests  and  the 
West  Ford  experiment,  which  placed  clouds  of  tiny  copper  needles  in  orbit 
to  test  their  usefulness  lor  reflecting  radio  signals  from  one  point  on  the 
ground  to  another.15  On  20  May  1963  he  delivered  a blast  against  the  United 
States,  accusing  it  of  fostering  war  and  ignoring  the  welfare  of  the  world 
and  world  science.  His  remarks  were  utterly  cynical  in  that  the  Soviet 
nuclear  tests  had  put  much  more  radiation  into  the  lower  atmosphere  than 
had  U.S.  experiments.  Also,  careful  analyses  of  West  Ford  had  shown  that 
the  metallic  dipoles  would  not  adversely  affect  ground-based  radio  astron- 
omy, a conclusion  that  the  Soviet  Union  did  not  refute.  Continuing  to 
press  the  matter,  on  21  May  1963  Blagonravov  submitted  a paper  on  con- 
tamination of  outer  space,  urging  that  the  U.N.  committee  ask  the  Com- 
mittee on  Space  Research  to  study  the  harmful  effects  of  such  experiment 
in  outer  space.*6  Again  the  cynicism  of  the  Soviet  delegates  was  apparent  in 
that  they  consistently  showed  little  interest  in  the  COSPAR  consultative 
group  and  had  a very  poor  attendance  record  at  its  meetings.  Their  greater 
concern  with  the  political  issues  than  with  the  scientific  aspects  of  the 
subject  was  apparent. 

The  most  persistent  task  of  the  consultative  group  had  to  do  with  the 
protection  of  the  moon  and  planets  from  biological  contamination.  If  there 
was  life,  or  evidence  of  past  life,  or  evidence  of  how  the  chemistry'  of  a 
planet  evolves  toward  the  formation  of  life,  on  any  other  planetary  body, 
life  scientists  wanted  to  preserve  the  opportunity  to  study  that  evidence 
unconi promised  by  any  form  of  terrestrial  contamination. 

In  this  matter  the  consultative  group  by  no  means  had  to  start  from 
scratch.  As  hr  back  as  1936  the  International  Astronautical  Federation  had 
begun  to  worry  about  interplanetary  contamination.  Sputnik  1 called  forth 
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similar  concerns  in  the  U.S.  Academy  of  Sciences,  and  on  8 Febtuary  1958 
the  academy  passed  a resolution  urging  that  ‘scientists  plan  lunar  and 
planeta  \ studies  with  great  care  and  deep  concern  so  that  initial  opera* 
tions  do  not  compromise  and  make  impossible  forever  after  critical  scien- 
tific experiments/*  Lloyd  Berkner,  president  of  the  International  Council 
of  Scientific  Unions,  carried  the  resolution  to  ICSU,  which  in  March  of 
1958  established  an  ad  hoc  Committee  on  Contamination  by  Extraterres- 
trial Exploration,  with  Marcel  Florkin,  Belgian  biologist,  as  president.  The 
committee  developed  a code  of  conduct  for  space  missions  and  continued 
for  a number  of  years  to  work  and  advise  on  problems.  The  COSPAR 
consultative  group  inherited  the  mantle  along  with  the  work  and  thinking 
of  the  ad  hoc  committee. 

The  aims  were  simple,  but  the  problems  were  exceedingly  complex 
and  difficult  to  resolve.  One  could  not  ask  for  100  percent  sterility  in  plane- 
tary and  interplanetary  spacecraft.  To  seek  such  an  unachievable  goal  would 
be  prohibitively  expensive.  It  was  necessary,  therefore,  to  deal  with  proba- 
bilities, and  to  seek  to  keep  at  an  acceptably  low  figure  the  probability  that 
planets  of  interest  might  be  contaminated.  The  scientists  had  to  work  out  a 
compromise*  between  asking  for  so  low  a probability  that  the  costs  of  engi- 
neering spacecraft  to  presc  ribed  standards  would  be  forbiddingly  high  and 
allowing  so  high  a probability  that  the  chances  of  compromising  scientific 
research  were  too  great.  Unfortunately,  as  with  many  questions  dealing 
with  probabilities,  there  were  a great  many  opinions  as  what  probabili- 
ties were  reasonable  and  as  to  how  to  go  about  the  engineering.  The 
interminable  discussions  of  the  scientists  were  a vexation  to  the  engineers 
who  had  to  translate  prescribed  standards  into  engineering  criteria.  All  in 
all,  it  took  a decade  to  agree  on  an  international  set  of  objectives.  At  its 
12th  plenary  session  in  Prague,  ! 1-2*1  May  19b9,  the  Ikmimitlee  on  Space 
Research  eaffirmed  the  basic  objective  of  keeping  the  probability  of  con- 
taminating Mars  and  other  planets  at  or  below  one  pan  in  a thousand  for 
an  anticqxttcd  jx'riod  of  biological  exploration.  The  period  was  taken  to 
be  20  years,  extending  through  1988.  during  which  period  it  was  estitr  .ted 
that  approximately  100  missions  would  lx‘  flown.17 

Requirements  were  more  easily  stated  than  met.  Unsterilized  space 
probes  meant  to  fly  by  planets  in  the  |xa  icxi  concerned  had  to  be  so  aimed 
that  their  combined  probabilities  of  hitting  and  contaminating  the  planets 
should  remain  within  the  stated  limit.  Also,  spacecraft  to  land  on  a planet 
had  to  lx*  so  designed  and  treated — In  exposure  to  lethal  radiations,  chemi- 
cal cleansing,  or  healing — that  again  the  combined  probabilities  of  pro- 
ducing contamination  for  all  spacecraft  landed  during  the  period  should 
remain  within  the  established  limit. 

Opinions  differed  considerably  as  to  how  the  evo*  ing  requirements 
should  be1  translated  into  engineering  c riteria  for  the  construc  tion  and  proc- 
essing of  spacecraft.  The  United  States  tried  to  facilitate  the  discussion  of 
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this  rotnplex  subject  at  COSPAR  meetings  by  describing  in  detail  the  proc- 
essing of  its  spacecraft.  The  Sov  iet  Union,  cm  the  other  hand*  consistently 
refused  #o  give  details*  saying  only  that  it  would  decontaminate  its  space* 
craft.  This  refusal  to  participate  openly  generated  considerable  uneasiness 
among  scientists  from  the  other  countries,  for  proper  protection  of  the 
planets  from  contamination  could  be  achieved  only  bv  the  full  cooperation 
erf  all.  Laxness  on  the  pan  of  only  one  country  could  vitiate  the  efforts  of 
others  to  preserve  this  scientific  opportunity,  which  once  lost  could  never 
be  recovered. 

The  United  States  spent  many  millions  of  dollars  developing  materials, 
components,  and  techniques  for  producing  planetary  spacecraft  that  were 
as  close  to  sterile  as  possible.  One  had  to  accept  on  faith  that  the  USSR  was 
doing  the  sa»ne  son  of  thing.  But  when  it  came  to  the  moon,  after  some 
initial  attempts  to  develop  sterile  or  nearly  sterile  spacecraft,  a revolt  set  in. 
The  extremely  low  probability  of  finding  any  lunar  life,  or  of  propagating 
any  terrestrial  life  deposited  on  the  moon,  led  NASA,  vigorously  supported 
by  the  physicists,  to  insist  that  “cleanliness”  as  opposed  to  sterility  was 
enough.  Although  the  life  scientists  objected,  this  policy  prevailed  for  the 
moon. 

Such  were  the  problems  taken  up  in  the  various  COSPAR  working 
groups,  although  most  problems  did  not  have  the  dranu  associated  with 
them  that  those  of  the  consultative  group  displayed.  Members  developed 
plans  for  cooperative  meteorological  programs,  solar  studies  including 
eclipse  expeditions,  geodetic  observations,  and  the  like.  But.  as  with  the 
International  Geophysical  Year,  it  would  be  the  member  nations  that  would 
carry  out  the  planned  programs.  Accordingly  most  actual  cooperative  proj- 
ects took  place  between  pairs  or  small  groups  of  nations. 
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Thai  was  how  most  of  NASA’s  international  program  developed.  As 
has  been  seen.  XA.>A  quickly  became  involved  with  the  United  Nations 
and  the  Commitut  Space  Research.  But  those  served  more  as  a back- 
drop than  as  the  arei  for  NASA’s  international  activities.  By  far  the  most 
frequent  arrangement  was  a bilateral  one  between  NASA  and  a counterpart 
agency  in  another  country,  sometimes  with  a covering  govemment-to- 
government  agreement.  The  State  Department  provided  guidance  and  a 
considerable  amount  of  assistance  and  in  the  dealings  with  the  United 
Nations  took  the  lead.  But  except  for  U.X.  matters.  NASA,  while  keeping 
contact  with  the  State  Department,  was  preitv  much  on  its  own. 

The  variety  of  the  program  was  remarkable.  By  1962,  53  nations  plus 
the  European  Preparatory  Commission  for  Sp**ce  Research  were  engaged 
wit.i  NASA  in  various  space  activities.1*  Twenty -four  were  helping  wirh 
operational  support  to  NASA  missions  through  the  Minitrack.  Mercury, 
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and  Deep  Space  tracking  networks:  the  optical  tracking  network  inherited 
front  the  International  Geophysical  Yean  the  volunteer  program  of  satel- 
lite observations  called  Moon  watch:  and  data  acquisition.  Assistance  varied 
all  the  way  from  simply  providing  the  veal  estate  on  which  to  erect  and 
operate  ground  stations,  to  assuming  a substantial  responsibility  for  their 
staffing  and  operation. 

Thirty-four  nations  were  working  with  NASA  in  cooperatise  projects 
using  satellites,  sounding  rockets,  and  ground-based  work  in  meteorology 
and  communications.  As  in  the  United  Nations  space  committee,  many 
nations  expressed  a great  need  for  scientific  and  technical  training  related 
to  space.  Bv  1982  IS  foreign  Resident  Research  Associates  were  at  NASA 
centers,  5 foreign  students  were  being  trained  in  American  universities 
under  NASA  sponsorship,  and  13  engineers  or  technicians  were  training  at 
NASA  centers  or  ground  stations.  Visitors  from  42  countries  plus  the  Euro- 
pean Preparatory  Gocnmisskn*  had  come  to  explore  their  interests  in  the 
*pacr  program.  By  the  !97'0s  94  countries  or  international  organizations 
were  cooperating  in  some  form  with  NASA.1’ 

By  the  time  Deputy  Administrator  Hugh  Dry  den.  Arnold  Fiutkin  iwho 
had  become  head  of  NASA’s  Office  of  International  Programs),  and  the 
author  journeyed  to  .Aachen  in  September  1959  to  attend  meetings  of  the 
NATO  Advisory  Group  for  Advanced  Research  and  Development,  the 
guidelines  for  NASA’s  international  activities  were  pretty  much  in  mind. 
They  were  referred  to  time  and  again  in  discussions  with  dozens  of  scien- 
tists from  the  different  countries  who  sought  out  the  NASA  people  to 
explore  ways  of  participating  in  the  space  program.  In  any  cooperative 
project  that  might  develop,  the  guidelines  called  for: 

• Designation  bv  each  participating  government  of  a central  agency 
for  the  negotiation  and  supervision  of  joint  activities; 

• Agreement  on  specific  projects  rather  than  generalized  programs: 

• Acceptance  of  financial  responsibility  by  each  participating  country 
for  its  own  contributions  to  joint  projects; 

• Projects  of  mutual  scientific  interest; 

• (General  publication  of  scientific  results. 

A decade  later  vtrtuallv  the  satnv  guidelines  were  still  in  force.*® 

Cienerallv  the  guidelines  were  readilv  accented.  Only  the  third,  railing 
for  no  exchange  of  funds.  occasioned  some  expressions  of  dismay.  Accus- 
tomed to  being  funded  bv  *he  t\S.  for  a variety  o,  things,  some  had  hoped 
that  they  might  be'  supported  in  space  researc  h by  American  dollars.  But 
Oryden  and  Frutkin  (Hunted  out  that  a project  in  which  a country  was 
willing  to  invest  sonic'  of  its  own  money  was  more  likely  to  be  of  genuine 
interest  and  value  than  one  that  was  undertaken  simply  because  someone 
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else  was  willing  to  pay  for  it.  In  time  the  policy  came  to  be  accepted  as 
natural  and  proper,  and  in  fact  one  could  sense — possibly  because  one 
wished  to — a greater  feeling  of  satisfaction  and  pride  on  the  part  of  those 
who  were  paying  their  own  way. 

There  was  a decided  difference  between  the  East  and  the  West  in  space 
cooperation.  By  far  the  greater  part  erf  NASA's  international  program  was 
between  NASA  and  Western  countries.  While  some  cooperative  projects 
were  agreed  upon  between  Blagonravov  and  Dryden.  which  were  confirmed 
by  the  two  governments,  these  were  of  very  limited  scope.  Moreover,  in 
Soviet-American  cooperation  during  the  1960s  it  proved  generally  impossi- 
ble to  achieve  the  kind  of  openness  and  freedom  necessary  few  more  than 
arm  s length  relations. 

Cooperation  wrm  Wisurn  Ghnttuls 

A sizable  portion  of  NASA's  caoprratnr  programs  in  the  first  decade — 
that  is.  programs  with  other  countries  in  pursuit  of  common  objectives,  in 
contrast  to  activities  like  the  operation  of  satellite  tracking  stations  that 
were  purely  in  support  of  NASA’s  own  program — was  devoted  to  space 
science.  The*  tacit  recognition  that  this  would  be  true  can  be  seen  in  the 
guidelines  cited  earlier,  which  were  oriented  toward  scientific  projects. 
Cnder  those  guidelines,  w hich  were  sufficiently  flexible  to  admit  of  a broad 
range  of  endeavors,  many  different  kinds  of  cooperative  projects  sprang  up. 
A few  example's  w ill  illustrate. 

Sounding  Rockrts 

Sounding  rockets  were  a popular  medium  for  entering  into  space 
sc  ience.  They  were  inexpensive,  handling  and  launching  them  was  simple 
ccmi|xmxl  to  the  large  launch  vehicles,  and  they  affoidcd  the  means  for 
accomplishing  some  significant  researc  h.  As  more  than  a decade  of  research 
in  the  I'nited  States  and  the  I'SSR  had  shown,  sounding  rocket  could  be* 
used  to  attack  problems  of  the*  atmosphere  and  ionosphere,  the  magneto- 
sphere. solar  physicx  and  astronomy,  cosmic  rays  and  interplanetary  phys- 
ics, and  biology.  Supplementing  the  l\S.  and  Soviet  range's,  including  that 
at  Fort  Churchill  in  Canada,  throughout  the  1960s  new*  sounding  rocket 
range's  appeared  around  the  world — at  Woomera.  Australia;  Sardinia  in  the 
Mediterranean;  Andoya.  Norway;  Jokktnokk.  kronogird.  and  kirtina. 
Sweden;  Chamieal,  Argentina:  Natal.  Brazil;  Hammaguir.  Algeria;  kouroti. 
French  Guiana;  Thtimha.  India;  Sonmiani  Beach.  Pakistan;  and  Huelva, 
Spain. 

At  the  same  time  NASA  joined  with  other  countries  in  a variety  of 
cooperative  rocket  soundings,  some  from  l\S.  ranges,  others  from  ranges 
overseas.  For  example,  in  Australia  in  the  fail  of  1961  ultraviolet -astronomy 
experiments  used  the  British  Skytaik  rocket  to  obtain  data  on  the  southern 


107 


Bt'.YOM)  IIU  AlMOSIMtHtr 


skiw  co  (X)m^re  with  northern  hemisphere  data.  During  1961  ami  1962 
NASA  anti  the  Italian  Spice  Commission  cex>|xeated  on  a states  of  rocket 
firings  in  Sardinia  to  measure  upper  atmospheric  w inds  by  trac  king  glow- 
ing  clouds  of  sodium  vajx>r  released  at  altitude  from  the  rex  kets.  Through 
tun  the  196Cs  and  into  the  19?0s  launc  hings  at  Andoya  studied  the  aurora 
and  also  die  ionosphere  within  ami  neat  tht%  auroral  mne.  From  time  to  time 
there  were  special  expeditions,  like  that  to  Cassino,  Brazil,  in  November 
1966.  in  which  17  sounding  rockets  were  fired  to  investigate  solar  x-rays 
anil  the  effect  of  the  solar  ec  lipse  of  12  November  1966  on  the  earth's  upper 
atmosphere.  Occasionally  ships  were  used,  as  with  the  solar  ec  lipse  expedi- 
lion  to  a spot  near  Koroni.  Greece,  in  May  1966.  All  in  all.  by  the  early 
1970s  some  19  countries  spanning  the  g!ol>e  had  engaged  with  NASA  in  a 
productive  program  of  sounding  rocket  researc  h.  much  of  which  required 
the  sjxvial  geographic  locations  afforded  by  the  dilfereni  range's."1 

Anri 

Throughout  the  1960s  the  1'ntted  kingdom  also  cooperated  with  the 
I'nited  State's  in  conduc  ting  sounding  rocket  evjx  iimeuts  at  various  Uxa- 
tions  around  the  world.  But  the  scientific  satellite  exerted  an  even  greater 
attraction  than  the  sounding  icx  kei.  and  the  countries  that  could  afford  it 
quickly  approaches!  NASA  with  ideas  for  coo|x*iati\c  satellite  projects.  The 
Gutted  Kingdom  was  among  the  first  to  seek  such  cooptation,  and  the 
l\K.  satellite  Aurl  l was  the  (iist  intei national  satellite  that  NASA  pul 
into  orbit — on  26  Aptd  1962.“  F.ven  few  years  thereafter  additional  Ariels 
followed,  tlu*  fom  ih  going  into  orbit  from  the  Western  l est  Range  in  Cali- 
fornia on  II  December  1971.  In  addition.  British  e\|XTi  men  lets  were  suc- 
cessful in  compting  for  spice  on  I S.  satellites.  Bv  197$.  IS  British  scieti- 
tisis  had  put  e\|XTimems  on  Fxplmeis:  on  solar,  geophysical,  and  astro- 
nomical observatories;  and  on  Nimbus  weather  satellites."5 

NASA’s  association  with  the  Gniied  kingdom  was  typical  of  many  of 
the  international  cooprative  programs  in  that  bv  and  large  the  British 
exp'iimeiits  were*  pritnatilv  of  interest  to  Biittsh  scientists.  I he  mutuality 
of  interc*st  was  there,  of  course*,  and  NASA  considered  the  l .k.  experiments 
to  lx*  a valuable  supplement  to  l\S.  spue  science.  But  tlu*  ionospheric 
i r search  conducted  in  the  Canadian  satellites  Alouette  and  Isis  was  more 
intiinatc'ly  related  to  t tic*  NASA  program. 

Alourttr  and  Isis 

For  a time  a face  was  on  Ixiween  Britain’s  Ariel  and  Canada’s  Alouette 
to  sir  whic  h would  lx*  lire  first  in  orbit.  Ariel  won.  and  .Hourffr  / followed 
half  a vear  later,  going  into  a nearly  |>olar  orbit  so  that  its  revolution  about 
the  earth  would  bring  it  iejx*aledlv  in  range*  of  C anadian  ground  stations.24 
Once  in  orbit  Alouette  prexeeded  to  establish  a record  (lot  its  time*  of  10 
vcais  of  successful  o|x*rat;on  on  orbit. 
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The  major  pur)x>se  of  the  Alouette  experiments  was  to  investigate  the 
ionosphere,  particularly  by  sounding  the  ionosphere  from  above.  Follow- 
ing the  experiments  of  Breit  and  Tuve  in  1926.2S  ionospheric  soundings 
nad  been  made  front  the  ground  by  sending  ptdsed  signals  upward  and 
minding  the  returned  signal  on  film  as  a function  of  time  after  the  initial 
transmission.  The  effec  t of  the  ionosphere  was  to  spread  the  reflected  sig- 
nal out  in  time,  and  from  the  shape  of  the  returned  signal  one  could  esti- 
mate ionospheric  heights  and  ionization  intensities.  But  the  uppermost 
regions  of  the  ionosphere  could  not  he  sounded  from  the  ground.  Also,  the 
complexities  of  the  ionosphere  often  produced  confusing  signals,  and 
experimenters  hojxd  that  soundings  from  alxne  would  help  to  resolve 
some  of  the  ambiguities. 

This  important  research  lay  at  the  heart  of  NASA’s  plans  for  studying 
the  ionosphere.  Since  the  Canadians  promised  to  do  it.  NASA  scientists 
proceeded  to  build  their  own  ionospheric  program  around  that  of  Canada. 
The  Canadian  work  thus  not  merely  supplemented,  but  actually  sup- 
planted research  that  NASA  scientists  would  otherwise  have  done.  In 
monetary  terms  the  Canadian  contribution  to  the  ionospheric  program 
freed  some  tens  of  millions  of  dollars  that  could  lx*  used  on  other  projects. 
Moreover,  the  Canadian  reseat c hers  working  on  Alouette  added  to  the  total 
comjx  teiue  of  the  ionospheric  team. 

Following  a second  Alouette  in  November  of  Canada  and  the 

l ulled  States  moved  on  to  Isis — International  Satellite  for  Ionospheric 
Studies — an  improved  satellite  that  would  carry  the  topside  ionospheric 
sounders  plus  8 to  10  additional  ex|xmriments  furnished  In  both  Canadian 
and  American  sc  ientists.  Flu*  fiist  Isis  went  aloft  on  SO  January  19H9  into  a 
|x>lai  orbit,  the  second  on  SI  Marc  h 1971  into  a nearly  polar  orbit. 

Pern 1 1 and  Its  Descendants 

Cooperation  with  Japan  was  of  an  entirely  different  character  from 
that  with  Furojxan  nations.  Although  there  were  many  inertings  and 
much  discussion  about  cooixTation.  it  gradually  became appiieirt  that  the 
Japanese*  were  firmly  committed,  emotionally  as  well  as  politically.  to 
developing  a spice  capibiiitx  for  themselves.  But  the  realization  In  NASA 
scientists  that  this  commitment  existed  came  only  after  extensive  exc  hange's 
on  various  possibilities  of  working  together.  The  first  indication  of  p>ssi- 
blc  interest  in  cooperative  projects  came*  from  some  exploratory  discussions 
of  William  Noidberg  and  William  Stroud  of  the  Goddard  Spice  Flight 
Center  with  Japinese  scientists.  Hie  NASA  scientists,  who  in  their  pre- 
vious positions  at  tlx*  Army’s  Signal  Frtgtneertng  laboratories  in  New  Jer- 
sey had  pioneered  the  use’  of  grenade  explosions  at  high  altitude  to  meas- 
ure tipp'r -atmosphere  tempralutes.  had  aroused  the  interest  of  Japanese* 
scientists  in  the  possibility  of  a joint  program  of  atmospheric  research 
using  sounding  rockets  earning  grenades.  But  they  had  also  left  the  ini- 
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pression  that  NASA  might  be  willing  to  furnish  funds  to  (he  Japanese  for 
the  work.  NASA  Headquarters  was  somewhat  embarrassed,  since  the 
policy  not  to  exchange  funds  on  cooperative  projects  had  already  been 
established. 

Since,  however,  there  seemed  to  be  considerable  Japanese  interest — 
above  and  beyond  the  grenade-rocket  work-in  the  possibility  of  coop- 
erating on  space  projec  ts,  the  author  visited  Japan  in  May  1960  for  a series 
of  conversations  with  scientists  and  administrators.  Professor  Hidco  Ito- 
kawa  of  the  University  of  Tokyo  showed  some  of  the  progress  that  had  been 
made  in  developing  Japanese  sounding  rockets.  Starting  with  Pencil,  a 
tiny  rocket  about  30  cm  long  and  23  cm  in  diameter,  and  a miniature 
launching  range  no  bigger  than  some  American  back  yards,  the  engineers 
had  conducted  horizontal  firings,  testing  small-scale  launchers,  multistage 
combinations  of  Pencil,  and  techniques  for  separating  stages  during  flight. 
From  these  exploratory  tests  engineers  had  gone  on  to  larger  rockets,  w hich 
were  being  flown  from  a launching  pad  at  Akita  on  the  western  coast 
facing  the  Sea  of  Japan.  In  step  by  step  fashion,  thev  planned  to  work  up 
to  the  multistage  Rap|Kt.  Lambda,  and  Mu  rockets,  some  of  which  would 
eventually  be  capable  of  putting  satellites  into  orbit.  The  first  objective, 
however,  was  to  produce  a reliable  high-altitude  sounding  rocket.2* 

On  the  political  side  were  extensive  conversations  with  members  of  the 
Sc  ience  and  Technics  Agency.  Minister  Nakasonc.  head  of  the  agenc  y,  was 
most  desirous  of  working  out  some  kind  of  cooperative  agreement,  and  it 
seemed  as  though  a great  deal  of  progress  were  being  made.27  Subsequent 
conversations  with  Professor  llatanaka.  astronomer  at  the  University  of 
Tokyo,  and  other  scientists,  however,  revealed  that  Ja|xan  was  torn  by 
internal  suite  between  the  Science  and  Technics  Agency  and  the  university 
community,  which  accorded  its  allegiance  to  the  Ministry  of  Education.2* 
It  suddenly  became  apparent  that  NASA  could  easily  find  itself  in  the  mid- 
dle. and  one  wondered  what  could  cotne  of  the  talks  with  Nakasone  and 
his  fxople.  As  it  hap|xned.  within  weeks  after  the  author  had  ret  nr  next  to 
Washington  Prime  Minister  Kishis  government  fell,  Nakasone  was  out. 
and  negotiations  with  Japan  were  set  hack  momentarily. 

The  talks,  however,  had  cleared  the  air  and  NASA  was  in  a much 
better  position  to  understand  the  Japanese  situation  when  delegations  soon 
thereafter  tame  to  Washington.  The  groundwork  had  been  laid  in  Tokyo 
for  c<x>peratiiig  on  some  sounding  r«x  ket  firings  to  cotvqxtre  results  from 
American  and  Japanese  ionospheric  instruments,  and  an  agreement  was 
soon  completed.  The  first  firings  took  place  at  NASA's  Wallops  Island 
facility  in  Virginia  in  April  and  May  1962.  and  continued  in  the  autumns 
of  1963  and  I96I.29  Every  few  years  thereafter  the  United  States  and  Ja|xtn 
cooperated  on  uxket  soundings,  joint  firings  in  1968  and  l%9  taking  place 
from  the  Indian  range  at  Thumha. 
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Although  Japan  might  have  gained  something  from  a joint  satellite 
project  with  the  Tniied  States.  Japan  preferred  to  go  it  alone.  Work  con- 
tinued on  a Japanese  launch  vehicle,  and  on  II  February  1971  a lambda 
multistage  rocket  successfully  placed  the  Ohsumi  satellite  in  orbit,  making 
Japan  the  fourth  nation— France  had  been  the  third— to  orbit  a satellite 
with  its  own  launch  vehicle.50  The  l?,S.  assisted  in  tracking  Ohsumi  and 
other  Japanese  satellites  that  followed  in  1971  and  I972.31 

San  Maun 

Italy  also  wished  to  launch  its  own  satellites,  but  was  willing  to  use  an 
American  launch  vehicle  for  the  purpose.  Out  of  this  desire  Project  San 
Marco  was  born.  The  project  was  conducted  in  three  phases.  In  the  first 
phase  an  Italian  team,  under  the  supervision  of  NASA  engineers,  became 
familiar  with  the  Scout  rocket  by  conducting  suborbital  launches  from 
Wallops  Island  in  April  and  August  196.1.  In  the  second  phase*  the  Italian 
team  launched  the  satellite  San  Marco  I on  a Scout  la  December  1964,  also 
from  Wallops  Island.  For  the  third  phase*,  the  project  moved  to  the  coast  of 
Kenya,  where  the  Italians  had  constructed  a launching  pud  on  a towable 
platform  of  the  kind  used  in  drilling  for  oil  beneath  the  ocean,  laxated  on 
the  equutot.  the  San  Marco  platform  was  anchored  tiff  shore  in  the  Indian 
Ocean.  Here  Nan  Marco  2 went  aloft  26  April  1967,  and  San  Marco  ? 24 
April  1971.  to  investigate  the  atmosphere*  and  ionosphere  above  the  earth's 
equator.*1' 

The  San  Matt  el  platform  had  xjxx  ial  value  in  making  it  jxissihle  to 
launch  satellites  directly  into  orbits  above  the  earth’s  equator.  For  this  rea- 
son NASA  requested  use*  of  the  platform  for  launching  a number  of  lT.S. 
vHellites.  With  costs  leimhutsed  b\  NASA,  Explorers  42.  4>,  and  1$  were 
sent  up  from  the  platform  in  1970,  1971,  and  1972.  The  first  of  these,  named 
l hum , the  Swahili  word  foi  freedom.  produced  exciting  data  on  celestial 
\-ra\  sources.** 

( • round-Basfd  l*roja  Is 

Not  all  coofH't alive  programs  in  space  sc  ience  involved  direct  (»artici- 
jiation  in  sounding  rockets  or  spacecraft  launches.  Many  countries  cnop- 
erated  in  ground-lustd  piojecis.  A number  of  nations  coo|KTated  in  iono- 
spheric research  h\  making  observations  from  the  ground,  to  Ik*  coordinated 
with  satellite  exjK'timents.  Twenty -seven  foreign  stations  in  !1  countries 
photographed  CiF.OS  and  PACiKOS  geexietir  satellites  to  help  improve  the 
accuracy  of  gecxfetic  results  France  panic  ipated  with  NASA  in  analwing 
data  obtained  by  tracking  French  and  l\S.  geodetic  satellites  with  lasers. 
Such  ground-based  coo|K*ration  was  even  more  extensive  in  the  applica- 
tions area,  where  mam  countries  undertook  ground-based  observations  or 
the  anahsis  and  use  of  satellite  data  in  meteorology,  communications,  and 
earth-resource  survey  s.*4 
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On  (he  scientific  side  the  outstanding  example  of  this  kind  of  coopera- 
tion has  to  be  that  associated  with  the  analysis  of  samples  of  the  moon 
obtained  by  the  Apollo  astronauts.  In  the  United  States  hundreds  of  scien- 
tists turned  their  attention  to  deciphering  from  lunar  samples  and  other 
Apollo  data  what  could  be  learned  about  the  moon  and  its  origin  and  by 
inference  about  the  earth.  They  were  joined  in  these  efforts  by  89  principal 
investigators  and  more  than  260  foreign  coinvestigators  from  19  different 
countries.  The  coinvestigators  were  associated  with  both  foreign  and  Amer- 
ican principal  investigators.  From  24  countries  97  foreign  scientists  took 
part  in  the  lunar  science  conference  held  in  Houston  in  January  1970;  90 
from  16  countries  attended  the  1971  conference;  and  108  from  15  countries 
plus  the  European  Space  Research  Organization  came  to  the  third  lunar 
science  conference  in  1972.** 

For  a while  the  study  of  the  lunar  samples  made  the  investigation  of 
the  moon  and  planets  appear  like  the  hottest  field  in  science.  It  was  a far 
cry  from  the  1950s.  when  a graduate  student  in  astronomy  who  confessed 
loan  interest  in  studying  the  planets  was  inviting  disdain.  ITie  big  change, 
of  course,  was  the  abundance  of  new  data.  Some  idea  of  the  extent  of  the 
change  tan  be  obtained  by  looking  at  the  almost  overwhelming  mass  of 
results  published  in  the  proceedings  of  the  lunar  science  conferences.*6 


Tin  Soviet  Union 

An  entirely  different  climate  surrounded  the  efforts  of  NASA  to  coop- 
erate with  the  Soviet  Union.  In  this  case  competition.  Ixnn  of  the  Cold 
War.  went  far  beyond  mere  rivalry  and  militated  against  the  free  and  open 
c<x>peration  that  was  readily  possible  with  Western  countries.  Moved  by  an 
inherent  idealism.  U.S.  sc  ientists  thought  of  cooperation  in  space  sc  ience 
as  a gcxxl  means  for  reducing  tension  between  the  two  countries,  whereas 
the  more  realistic  Soviet  sc  ientists  even  so  often  would  have  to  point  out  to 
their  U.S.  colleagues  that  it  was  the  other  wav  round.  Intimate  or  large- 
scale  cooperation  would  have  to  await  the  resolution  of  political  difficulties. 

Nevertheless,  it  was  an  American  trait  to  cling  to  the  idealistic  ap- 
proach. and  scientists  made  fx^rsistent  efforts  to  encourage  exchange's  with 
the  So\  iel  Union.*7  None  of  these  overture's,  however,  bore  any  fruit  until 
in  February  and  March  1962  President  Kennedy  provided  a basis — not  a 
very  firm  one.  hut  a basis  nevertheless — for  exploring  more  intimately  ways 
in  which  to  cooperate.  In  an  exchange  of  letters  with  Nikita  Khrushchev. 
Chairman  of  the  Council  of  Ministers  of  the  USSR.  Kennedy  expressed  the 
hojx*  that  representatives  of  the  two  countries  might  meet  at  an  early  date 
to  discuss  ideas  ‘for  immediate  projects  of  common  action."** 

Working  mainly  with  the  State  Department.  NASA  assembled  a long 
list  of  |X)ssibilities  for  c<x>peration.  From  that  list  four  main  proposals — 
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cooperation  in  satellite  meteorology,  spacecraft  tracking,  studies  of  the 
earth’s  magnet  it  field,  and  communications  satellites — were  selected  and 
dispatched  along  with  a number  of  other  ideas  to  Khrushchev  7 March 
1962.  With  uncharacteristic  s|Hied  for  the  Russians,  he  replied  within  two 
weeks,  furnishing  a list  of  proposals  and  agreeing  to  a meeting  of  appro- 
priate representatives  to  discuss  the  matter.59  President  Kennedy  named 
Hugh  Dryden.  deputy  administrator  of  NASA,  as  the  U.S.  delegate.  The 
USSR  was  represented  by  Anatoly  A.  Blagonravov.  Between  27  and  29 
March  1962,  exploratory  talks  were  held  in  New  York  City,  More  definitive 
talks  in  Geneva — which  wem  on  in  May  and  June  simultaneously  with, 
but  outside  of,  nuttings  of  the  Sc  ientific  and  Technical  Subcommittee  erf 
the  United  Nations  Committee  on  the  Peaceful  Uses  of  Outer  Space — led 
to  a draft  agreement  8 June  1 962. 40  After  a period  of  review,  both  govern- 
ments approved  the  agreement,  and  James  Webb,  administrator  of  NASA, 
and  President  Keldysh  of  the  Soviet  Academy  of  Sciences  exchanged  letters 
putting  the  agreement  into  effect  chi  an  agenc  y-to-agenc  y level.  The  initial 
agreement  called  for  working  together  on  three  separate  projects:  (1)  ex- 
change <rf  satellite  weather  data  over  a communications  link  to  be  set  up 
between  Washington  and  Moscow;  (2)  each  country  to  launch  a satellite 
instrumented  with  magnetometers  to  study  the  earth’s  magnetic  field  dur- 
ing the  International  Years  of  the  Quiet  Sun  beginning  hi  1965.  coordinat- 
ing their  orbits  and  exchanging  magnetic  field  data  including  those  ob- 
tained from  ground -based  instruments:  and  <1)  c<x>perativecoumninications 
ex|xaiments  using  the  next  U.S.  Echo  satellite  to  be  launched.41 

Responding  to  a Soviet  initiative  in  May  196-1.  a fourth  project  was 
added — to  publish  a book,  prepared  jointly,  reviewing  past  Soviet  and  U.S. 
work  in  sfxtce  biology  and  medicine,  also  giving  some  attention  to  future 
problems.4-  There  was.  however,  no  Soviet  response  to  a suggestion  Kennedy 
had  put  forth  in  a 20  SeptemlKt  196.1  speech  at  the  United  Nations  that  the 
two  countries  consider  joining  forces  to  put  a man  on  the  moon.  In  this 
case  the  Soviet  negativism  was  matched  by  that  of  the  U.S.  Congress,  which 
quickly  made  known  its  distaste  for  the  idea. 

To  implement  the  program  agreed  to  in  1962.  Dryden  and  Blagonravov 
continued  to  meet,  in  Rome  during  March  1961  and  in  Geneva  the  follow- 
ing May.  Appropriate  working  groups  were  established.  But  it  should  be 
emphasised  that  the  joint  efforts  were  not  integrated  projects:  they  did  not 
require  putting  together  joint  teams  for  preening  hardware,  conducting 
launchings,  analyzing  data,  or  any  such  arrangement  that  might  adversely 
affect  one  program  if  the  other  country  failed  to  perform.  Instead  the 
projects  were  coordinated:  the  two  national  programs  proceeded  separately, 
but  were  to  be  conducted  in  such  a way  as  to  facilitate  cooperative  tests,  as 
with  Echo,  or  the  exchange  of  data  and  information,  as  w ith  the  meteorol- 
ogy and  magnetic  field  projects.45  The  performance  of  the  Soviet  partici- 
pants on  these*  projects  for  many  years  is  best  described  as  indifferent. 
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llie  primary  interest  to  space  si  icnce  lay  in  the  magnet  k field  studies 
and  the  book  on  spare  : vedicine  and  biology.  In  the  magnetic  field  project 
a difficulty  arose  that  was  typical.  American  scientists  considered  it  essen- 
tial to  the  program  to  exchange  data  cm  the  position  of  the  satellites  when 
measurements  were  taken.  Otherwise,  the  field  data  amid  not  be  properly 
interpreted.  But  the  Soviet  Union  consistently  refused,  shying  away  from 
providing  any  data  that  might  reveal  the  capabilities  of  its  electronic 
tracking  equipment.  The  USSR  had  not.  in  fact,  accepted  another  U.S. 
suggpstion-to  cooperate  in  the  tracking  of  spacet  raft.  This  difficulty  also 
appeared  to  affect  the  communications  project,  in  that  finally  the  Soviet 
participants  would  agree  only  to  receiving  signals  reflected  to  them  from 
Echo,  refusing  to  transmit  any.  Work  on  the  book  progressed  exceedingly 
slowly,  publication  finally  being  achieved  in  I97F>. 

The  difficulties  that  lay  in  the  way  erf  working  with  the  Soviet  Union 
in  anything  approaching  the  fashion  of  the*  cooperative  projects  with 
Western  nations  were  formidable.  Repeated  frustrations  led  Arnold  Frutkin 
in  196.1  to  prepare  a set  of  internal  NASA  notes  on  Soviet  deficiencies  in 
their  dealings  w ith  the  Committee  on  Space  Research.  Frutkin  listed  eight 
ways  in  which  the  Soviet  members  appeared  to  lx*  not  forthc  oming  in  then 
participation  in  COSPAR  international  activities:  a lac  k of  promised  infor- 
mation on  the  Soviet  sounding-rocket  program:  at  one  COSPAR  meeting 
no  papers  on  the  sterilization  of  planetary  probes,  even  though  the  Soviet 
Union  had  itself  proposed  that  there  be  such  a discussion:  failure  of  Soviet 
members  to  attend  the  first  two  meetings  of  the  COSPAR  Consultative 
Group  cm  Potentially  Harmful  Effects  of  Space  Experiments;  lack  of  any 
specific  information  on  the  Soviet  Cosmos  satellites;  Soviet  attempts  to  in- 
troduce political  issues  into  COSPAR  deliberations,  e.g..  nuclear  testing; 
failure  to  provide  information  on  radio  tracking  stations;  and  byfxissing 
screening  arrangements  for  papers  to  be  presented  at  COSPAR.  All  of  this 
Frutkin  felt  added  up  to  a “retrogression  in  Soviet  attitudes  toward,  and 
participation  in.  COSPAR.*’4* 

Two  years  later,  in  his  book  International  Cooperation  in  Spare . Frutkin 
moderated  his  assessment  somewhat,  noting  modest  progress  and  urging 
imaginative,  aggressive  efforts — tempered  with  a proper  sense  of  realism — 
to  “w  iden  and  deepen  the  cooperation  which  has  already  been  won  in  the 
space  field.”45  In  spite  of  this  commendable  positivism,  Frutkin's  book 
brings  out  the  stark  contrast  between  the  U.S.  and  Sov  iet  space  programs 
in  openness  and  willingness  to  share  with  others.  Frutkin  once  observed 
that  he  had  written  his  book  too  early,  a remark  occasioned  by  the  U.S.- 
Soviet  cooperation  of  the  1970s,  which  included  the  joint  docking  mission 
of  the  A polio- Soy  uz  Test  Project  in  1975.  Certainly  a book  written  in  the 
late  1970s  on  U.S. -USSR  coofXTalion  on  space  projects  wotdd  have  many 
more  positive  elements  to  present  than  a book  published  in  1965.  But  there 
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would  also  lx*  a risk  that  the  rex  kiness  of  the  soil  that  had  first  to  lx  tilled 
might  be  overlooked. 


Fscaiaiion 

(cooperation  in  spare  projec  ts  with  the  Western  nations,  while  diverse 
and  forthcoming,  was  nevertheless  limited  in  stale.  If  it  was  true  that  a 
powerful  benefit  of  the  spare  program  was  to  lx  gained  from  the  manage- 
ment and  rondur!  of  large,  complex  projec  ts,  as  Webb  and  French  jour- 
nalist J.  J.  ScTvan-Schreiber  thought,  these*  wen*  benefits  that  other  coun- 
tries were  not  going  to  get  from  cooperation  on  indie idual  experiments  or 
even  iti  the  preparation  of  F.xplorcr-class  satellites.  In  December  1965  on 
the  cxrasion  of  West  German  Chancellor  I aid  wig  Erhard's  visit  to  Wash- 
ington. President  Johnson,  drawing  on  suggestions  from  NASA,  invited 
Fairo}x*ait  countries  to  p«x>I  their  resources  in  a major  sjxtcec  raft  project  as 
an  advanced  technological  exercise*  of  considerable  scientific  merit.4*  Fol- 
lowing upon  Johnson  s suggestion,  Frutktn  and  the  author  went  to  Furo|x* 
in  February  1966  to  Ixgin  discussions  with  Etiro|x*an  countries  and  the 
Fmo)x*an  Sjxue  Research  Organi/ation,  exploring  the  possibility  that  these 
nations  might  find  it  to  their  advantage  to  step  up  their  sjxtce  research  to 
larger,  more  complex  projects. 

NASA  suggested  a spacecraft  to  send  probes  into  the  Jupiter  atmos- 
phere as  the  kind  of  project  that  was  sufficiently  advanced  to  task  both 
management  and  industry  and  was  bound  to  advance  European  technol- 
ogy in  important  ways.  At  the  same  time  NASA  emphasized  that  the  Jup- 
iter prolx*  suggestion  was  only  illustrative,  and  that  other  projects  would 
serve  the  same  ptu|x>se.  Another  |x>ssihility  might  lx  a solar  prolx  to  go 
very  close  to  the  sun  to  investigate  magnetic  fields  and  the  interplane- 
tary environment  in  the  vicinity  of  our  star.  The  NASA  delegation  sjxike 
with  groups  from  West  Germany,  Fiance,  the  Netherlands,  Italy,  the 
Gnited  Kingdom,  and  the  Furofx*ati  Space  Research  Organization,  begin- 
ning with  scientists  and  government  officials  in  Germany.*7  The  reaction 
was  sin  prising. 

Most  of  those  s{>oken  to  found  the  projects  fasc  inating,  but  showed 
skepticism  about  the  ultimate  usefulness  of  such  projects  for  advancing 
tec  hnology.  Representatives  in  England  were  disbelieving  and  quite  cool  to 
the  idea.  At  a time  when  the  nation  was  having  great  economic  troubles, 
leaders  could  not  bring  themselves  to  recommend  investing  in  projects  so 
far  removed  from  immediate  needs  of  the  country.  Throughout  Europe 
one  encountered  the  feeling  that  it  would  lx*  better  to  invest  directly  in 
applications  satellite  projects  that  would  have  clearly  foreseeable  benefits. 
In  fact,  the  NASA  delegates  encountered  more  than  mete  skepticism: 
Furo|x*ans  believed  that  NASA  was  seeking  additional  (inane ing  for  large- 
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scale  projects  that  Congress  was  no  longer  eager  to  support.  While  admit- 
ting that  the  financial  aspect  was  an  important  consideration,  the  NASA 
representatives  stated  that  both  the  IKS.  and  Europe  would  realize  an 
important  return  on  an  investment  in  the  kind  of  project  proposed.  But 
there  was  also  suspicion  that  America  was  dangling  the  Jupiter  probe  in 
front  of  Europe  to  divert  attention  toward  science  and  away  from  more 
piactical  projects  like  communications  satellites. 

More  basic  was  European  concern  about  dependence  upon  American 
technology.  Both  the  European  Space  Research  Organization  and  the 
European  launcher  Development  Organization  had  been  formally  estab- 
lished in  March  of  1964  after  two  years  of  intensive  debate  over  the  need  of 
Europe  to  master  the  technology  of  space.48  The  principal  purpose  of  these 
two  organizations  w*as  to  foster  the  development  of  technical  know-how, 
ELDO  especially  to  develop  a sufficient  launch  capability  to  make  Europe 
independent  of  the  lrnited  Slates  for  a good  number  of  its  space  missions. 
Europeans  were,  for  example,  convinced  that  the  United  States  would  not 
launch  applications  satellites  for  European  countries  if  those*  satellites 
appeared  to  compete  undesirably  with  IKS.  industry — as  communications 
satellites  might  do. 

Only  West  Germany  was  interested  in  an  expanded  program  with  the 
United  States,  and  out  of  these  discussions  came  several  cooperative  proj- 
ects. one  of  which  was  the  solar  probe  Helios,  intended  to  make  magnetic 
field  and  other  measurements  within  the  orbit  of  Mercury.  Costing  Ger- 
many more  than  SI00  million  for  the  satellites,  Helios  was  a sizable  proj- 
ect, certainly  well  Ixwond  the  Explorer  class  in  tec  hnological  difficulty.  As 
its  share  the  United  States  provided  the  two  launchings  required  and  fur- 
nished some  of  the  experiments.  The  first  Helios  probe  was  launched 
toward  the  sun  in  December  1974. 49  Other  than  the  German  projects,  little 
came  cr  'he  1966  overtures  to  Euro|jc.  The  proposals  had,  however,  started 
a serious  train  of  thought  toward  larger,  more  demanding  programs,  so 
that  when  the  third  administrator  of  NASA,  l homas  Paine,  began  to  press 
for  some  sort  of  coopeia^on  in  the  Space  Shuttle  project  that  was  being 
debated  in  the  United  States,  a more  receptive  climate  prevailed. 

The  same  questions  had  to  be  faced  again  that  had  arisen  earlier,  and 
those  concerning  communications  satellites  had  acquired  an  even  greater 
force  because  of  intensified  airing  of  differences  in  the  communications 
satellite  consortium,  where  European  members  felt  that  the  United  States 
was  dominating  the  consortium  to  the  disadvantage  of  Europe*.  But  coop- 
eration on  a Space  Shuttle  projec  t was  of  a different  c haracter  from  joining 
in  a scientific  project  like  sending  a probe  to  Jupiter.  The  Shuttle  offered 
the  opportunity  to  join  in  the  development  of  a whole  new  technology, 
w hich  in  the  view  of  the  promoters  would  completely  revolutionize  space 
operations  of  the  future,  outdating  and  supplanting  most  of  the  expenda- 
ble boosters  used  in  the  1960s  and  1970s. 
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After  a long-drawn-out,  careful  assessment  of  values  and  costs,  Euro- 
pean countries  in  the  European  Space  Research  Organization,  soon  to  give 
way  to  a new  organization  called  the  European  Space  Agency,  agreed  in 
September  1973  to  develop  a manned  laboratory— Spacelab,  originally 
called  a sortie  module  in  the  United  States — to  be  carried  aboard  the  Space 
Shuttles0  In  this  fashion  the  increased  cooperation  with  Western  countries 
initially  sought  in  1966  came  about.  While  the  kind  of  cooperation  on 
space  experiments  and  satellite  research  that  had  gone  on  before  would 
continue,  it  would  be  colored  during  the  1970s  by  Space  Shuttle  and  Space- 
lab  developments  and  was  slated  to  be  fundamentally  modified  when  the 
new  vehicles  came  into  operational  use  in  the  1980s. 

On  the  Soviet  side  escalation  came  about  in  a different  manner.  In 
international  circles  the  openness  of  the  U.S.  space  program  and  America’s 
readiness  to  enter  into  a variety  of  cooperative  endeavors  came  in  foi  a 
good  deal  of  favorable  comment.  NASA  people  could  sense  a strong  pres- 
sure on  the  Soviet  scientists  to  do  the  same,  a pressure  that  at  limes  the 
Soviet  delegates  to  international  meetings  seemed  to  find  uncomfortable. 
Still,  very  little  changed,  except  possibly  some  of  the  Eastern  bloc  coun- 
tries found  it  a little  easier  to  get  assignments  to  support  the  Soviet  pro- 
gram with  ground-based  observations.  Also,  in  1967  France,  under  de 
Gaulle’s  anti-U.S.  leadership,  managed  to  enter  into  a coopration  with 
the  Soviet  Union  that  went  on  for  number  of  years.51  But  for  the  United 
States  to  accomplish  more,  once  again  a change  in  the  political  climate 
was  a prerequisite.  In  the  move  toward  detente,  political  overtures  on  the 
part  of  the  Nixon  administration  set  the  stage  for  new  agreements  in  the 
space  field. 

In  April  1970,  Administrator  Paine  talked  in  New  York  with  Anatoly 
Blagonravov  about  the  possibility  of  combined  docking  operations  in 
space.  The  idea  was  pic  ked  up  by  President  Handler  of  the  U.S.  Academy 
of  Sciences  and  discussed  in  Moscow  in  June  with  Mstislav  Keldysh,  presi- 
dent of  the'  Sov  iet  Academy  of  Sciences.  In  a letter  to  Keldysh,  31  July  1970, 
Paine  made  the  first  formal  pro|x>sal  for  exploration  of  the  subject.52  Dis- 
c ussions  were  held  in  Moscow  in  October,  and  agreement  was  reached  to 
work  together  to  design  compatible  equipment  for  rendezvous  and  doc  king 
in  space.  Work  got  unde  r way  at  once  and.  although  the  first  plans  did  not 
specifically  include  ac  tual  missions,  the  Apollo- Soyuz  l est  Projec  t to  carry 
out  a docking  in  space  eventually  emerged.5*1 

While  the  A polio- Soy  u/  Test  Project,  which  was  carried  out  in  1975, 
did  inc  lude  some  scientific  experiments,  the  project  goes  beyond  the 
planned  scop  of  this  book.  But  in  the  climate  established  by  the'  discus- 
sions on  rendezvous  and  docking,  it  was  possible  to  broaden  the  rcxipera- 
tive  agreements  arrived  at  between  Dryden  and  Blagonravov  a decade  be- 
fore. During  January  1971.  George  Low,  acting  administrator  of  NASA 
after  Paine  resigned,  met  with  Keldysh  in  Moscow  to  discuss  further  p>ssi- 
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hili ties  for  cooperation.  They  agreed  to  exchange  lunar  si  iface  samples 
and  agreed  on  procedures  for  expanding  earlier  cooperative  activities.54 
These  Low-Keldysh  agreements,  as  they  came  to  be  called,  established  a 
basis  for  increased  cooperation  between  the  two  countries  in  both  space 
science  and  applications.  It  remained  to  be  seen  whether  the  agreements 
would  lead  to  further  integrated  undertakings,  such  as  Apollo-Soyuz,  or 
would  continue  to  produce  coordinated  programs  like  the  lunar  sample 
exchanges. 
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Space  Science  and  Practical  Applications 


In  many  ways  space  science  contributed  to  the  realization  of  important 
space  applications — which  may  he  defined  as  the  use  of  space  knowledge 
and  techniques  to  attain  practical  objectives.  Indeed,  at  the  start  of  the 
program  numerous  potential  applications  required  much  advance  re- 
search, including  some  space  science,  before  their  development  could 
begin.  Moreover,  to  many  persons  the  development  of  applications  ap- 
peared as  the  ultimate  payoff  of  investments  in  the  space  program.  Al- 
though the  scientists  would  probably  not  have  put  it  so  strongly,  neverthe- 
less they  could  appreciate  that  point  of  view.  As  a consequence  space 
scientists  often  pointed  to  potential  applications  of  their  work  as  one  of  the 
justifications  for  giving  strong  support  to  science  in  the  space  program. 

Yet,  in  pointing  to  ultimate  applications  as  one  of  the  benefits  to 
expect  from  their  research,  the  scientists  encountered  a strange  paradox. 
Although  not  appreciated  for  most  of  the  19b0s,  it  finally  became  clear  that 
in  many  resjxxts  applications — the  “bread-and-butter  work"  of  tire  space 
program — found  it  more  difficult  to  gain  support,  especially  on  die  execu- 
tive sick*  of  government,  than  did  space  science. 

Most  space  applications  depend  on  or  are  affected  in  some  way  by 
properties  of  the  atmosphere  or  conditions  of  space,  which  ar**  subjects  of 
the  investigations  of  s|iace  science.  For  example,  weather  forecasting  and 
the  prediction  of  climatic  trends  depend  on  a know  ledge  of  atmospheric 
behavior.  The  atmosphere  is  an  exceedingly  complex  mechanism,  a heat 
engine  that  receives  solar  heat  which  it  irradiates  into  space.  In  the  interval 
between  receiving  the  energy  and  returning  it  to  space,  the  atmosphere 
displays  a bewildering  variety  of  phenomena.  The  energy  is  converted  into 
mechanical  energy  of  w inds  and  giant  circulations  that  transport  the  excess 
energy  received  at  the  equator  toward  the  polar  leg*  >ns.  Clouds  form  and 
dissipate,  storms  are  generated,  water  is  taken  up  into  the  atmosphere  from 
(Keans,  lake*  and  rivers  and  released  again  in  some  form  of  precipitation. 
Interactions  between  the  atmosphere  and  the  land  and  oceans  account  for 
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much  of  the  (xunpiexity  of  wrather  phenomena.  Weather  forecasting  ct)ii- 
sists  of  deducing  from  current  data  on  the  state  of  the  atmosphere,  and  an 
imperfect  knowledge  of  how  the  atmosphere  behaves,  the  state  of  the  at- 
mosphere at  a chosen  time  in  the  future.  To  do  this  requires  knowing  how 
long  certain  circulation  patterns  may  be  expected  to  persist,  the  ways  in 
which  energy  exchanges  are  likely  to  occur  within  the  atmosphere  and 
between  the  atmosphere  and  the  land  and  sea.  and  how  all  these  are  influ- 
enced by  the  continuous  input  erf  energy  from  the  sun. 

As  a consequence  meteorology  assumes  a dual  aspect,  the  |>ractical  one 
of  forecasting  weather  and  climate  ami  the  scientific  aspect  of  research  on 
the  atmosphere.  Thus,  when  meteorological  satellites  were  sent  aloft  to 
obtain  pictures  and  other  atmospheric  data  from  around  the  globe — filling 
in  trememicHts  gaps  that  had  previously  existed  in  weather  data — the  pur- 
pose was  I ioth  practical  and  scientific.  Because  of  its  importance  to  both 
civilian  and  military  meets,  the  practical  aspect  naturally  stood  mu.  and 
much  progress  in  this  phase*  of  meteorology  was  achieved  during  the  1960s. 

But  exceedingly  difficult  scientific  problems  remained.  The  ground- 
based  studies  of  decades  had  not  unraveled  the  complexities  of  the  long- 
term predic  tability  of  large-scale  atmospheric  circ  ulations,  of  severe  storm 
phenomena,  of  the  puzzles  of  tropical  meteorology,  or  erf  the  causes  of 
climatic  change.  It  was  hoped — expelled — that  space  science  and  ground- 
based  research  together  could  move  fasttT  than  ground -based  studies  alone. 

When  in  the  1970s  detailed  sttuly  of  other  planets  became  possible, 
atmospheric  scientists  sought  from  the  planetary  atmospheres  new  insights 
into  the  difficult  problems  of  the  terrestrial  atmosphere  with  which  they 
were  wrestling.1 

Navigation  satellites  have  great  military  and  economic  importance.2 
1 he  principle  of  o|XTation  is  quin*  simple.  I'hv  artificial  satellite  substi- 
tutes as  a reference  {mint  for  the  moon.  sun.  or  stars:  hut  since  the  satellite 
can  be*  tracked  In  radio  day  or  night,  in  fair  weather  or  cloudy,  it  is  avail- 
able to  the  navigator  whenever  it  is  above  the  horizon.  As  in  using  the 
natural  celestial  bodies,  if  the  navigator  knows  accurately  the  position  of 
the  artificial  satellite,  radio  sightings  of  it  peanut  him  to  locate  his  position 
on  the  earth.  But,  just  as  the  celestial  navigator  has  a problem  with  refrac- 
tion of  light  by  the  atmosphere,  for  which  he  has  to  make  cor  reel  ions,  so 
the  satellite  navigator  must  worry  about  refraction  of  radio  signals.  For 
him.  the  ionosphere  produces  the  majot  effects,  whic  h are  large  enough  to 
render  the  navigation  system  use  less  were  it  not  possible  to  make  correc- 
tion. Here  is  where*  the*  ionospheric  ph\  swim's  knowledge  of  the  spatial 
and  temporal  variations  ot  both  the  normal  and  disturbed  ionosphere  are 
essentia!.  Again,  the  tie  Itetwmi  space  science  and  an  im;x>it.mt  practical 
application  is  dose. 


Spack  Sucnc*  and  Appixiaitons 


Sometimes  the  coimectioii  between  space  science  and  a particular  appli- 
cation was  too  close  for  comfort.  The  use  erf  satellites  for  geodesy  is  a case 
in  point.5  For  the  scientist,  more  accurate  geodetic  measurements  would 
provide  more  information  on  the  sue  and  shape  of  the  earth  and  could  give 
clues  to  tire  distribution  of  mass  in  the  earth’s  crust  and  stresses  in  the 
mantle.  With  a system  erf  sufficient  precision,  the  very  slow  motions  of 
continents  relative  to  each  other  could  be  measured.  More  accurate  map- 
ping of  the  earth's  surface  could  provide  a better  basis  for  plotting  impor- 
tant information,  like  geological  data,  geographic  locations,  crops,  forests, 
water  resources,  and  land-use  patterns.  But  the  very  measurements  that 
made  geodesy  important  to  the  scientists  were  also  invaluable  to  the 
military. 

And  there  was  the  rub.  The  militaty  applications,  which  are  fairly 
obvious,  seemed  to  call  for  classifying  the  satellite  data  and  restricting  their 
distribution.  This  gave  rise  to  controversy  between  the  scientific  commun- 
ity and  the  military  (pp.  I 17-19K  in  which  NASA  was  caught  in  the  mid- 
dle. appreciating  the  needs  of  the  military  but  wanting  to  meet  the  de- 
mands of  the  scientists.  The  President's  Science  Advisors*  Committee  and 
his  science  adviser  were  drawn  into  the  debate,  as  was  the  Space  Science 
Board.  Congressman  Karth  and  the  Space  Science  and  Applications  Sub- 
committee of  the  House  Committee  on  Sc  ience  and  Astronautics  took  up 
the  cudgels  cm  behalf  of  the  scientists.  These  various  cotniterprrssures 
eventually  forced  an  accommodation  in  which  the  distribution  and  use  of 
data  olrtained  in  the  geodetic  |>rograins  supported  by  the  militaty  would  he 
control lul  by  the  military,  while  data  obtained  in  NASA's  open  space- 
science  program  would  be  m;tc!c  available  to  the  scientific  community. 

Just  a>  intimate  was  the  relation  of  science  to  the  use  of  satellites  for 
surveying  and  monitoring  earth’s  resources.  Here  the  geophysicist's  study 
of  the  earth  from  sjKice  would  furnish  much  of  the  hasis  for  putting  satel- 
lite observations  of  forests,  agriculture,  glaciers,  oceans,  geological  forma- 
tions. and  mankind's  use  of  land  for  cities,  roads,  fanning,  water  storage, 
etc  .,  to  |>ractica!  use.4  The  scientist’s  know  ledge  and  the  user's  nett!  would 
be  brought  together  in  a svstem  that  would  convert  satellite  data  into  in- 
formation mjuiittl  liy  the  forest  manager,  the  civil  engineer,  the  irrigation 
planner,  or  the  crop  expert. 

These  dose  relationships  between  space  science  and  applications  led 
Administrator  Webb  to  speak  often  to  the'  author  and  others  of  tin*  value  of 
having  the  two  together  in  a single  Office  of  Space  Science  and  Applica- 
tions. In  many  ways  this  association  was  a good  one.  from  which  both 
programs  benefited. 

Such.  too.  were  the  reasons  why  the  Space  Science  Board  took  a strong 
interest  in  sjxtce  applications  from  the  start.  It  often  critic  i/ed  NASA  for 
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doing  too  little  scientific  research  to  support  the  development  and  use  of 
applications  systems.*  The  criticism  was  especially  strong  in  connection 
with  the  earth-resources  survey  program,  a new'  field  opened  by  the  availa- 
bility of  observational  satellites.6  Because  of  its  newness  the  field  was 
highly  scientific  in  character  at  the  start,  and  there  was  concern  in  NASA 
that  attempts  to  press  these  applications  too  rapidly  before  an  adequate 
scientific  basis  had  been  laid,  might  prove  abortive  and  seriously  damage 
the  ultimate  prospects  of  what  appeared  to  be  a most  promising  area  for 
practical  returns.  The  Space  Science  Board  s interest  in  space  applications 
and  the  importance  of  space  science  for  supporting  those  applications  per- 
sisted. When  the  Academy  of  Engineering  finally  set  up  a Space  Applica- 
tions Board — an  analog  to  the  Academy  of  Sciences  Space  Science  Board — 
in  1973/  the  SSB  immediately  took  steps  to  arrange  for  an  exc  hange  of 
liaison  representation  between  the  two  boards. 

Although  in  general  experimenters  personally  were  concerned  only 
with  the  fundamental  science  they  were  doing,  many  scientists  were 
genuinely  interested  in  practical  applications  of  their  work.  The  members 
of  the  I'pper  Atmosphere  Rocket  Research  Panel  derived  considerable 
satisfac  tion  from  the  fact  that  properties  of  the  atmosphere  obtained  from 
sounding  rcxket  measurements  contributed  to  the  refinement  and  exten- 
sion of  the  International  Standard  Atmosphere  of  the  International  Civil 
Aviation  Organization/  used  in  designing  aircraft  and  calibrating  aero- 
nautical instruments.  It  was  also  regarded  as  something  of  a triumph  when 
ionospheric  experimenters  learned  that  their  data  on  the  properties  and 
temporal  variations  of  the  ionosphere  were  proving  useful  to  radio  opera- 
tors in  scheduling  and  conducting  shortwave.  long-distance  radio  com- 
munications . 

But.  aside  from  personal  interests,  the  possibility  of  deriving  important 
applications  was  used  to  justify  many  parts  of  the  space  program,  includ- 
ing space  science.  Potential  military  uses  accounted  for  the  numerous 
studies  on  the  launching  and  use  of  artificial  satellites  conducted  by  the 
various  sen  ices  during  the  1940s  ami  1950s*  and  for  the  military  support  of 
the  sounding  rocket  program  of  the  Rocket  and  Satellite  Research  Panel- 
Panel  members  became  quite  adejx  over  the  vears  at  pointing  out  practical 
returns  the  seniers  might  derive  from  their  investment  in  high-altitude 
rcxket  research  (pp.  41-42).  Equally  adept  were  members  of  the  Spaa* 
Science  Board  and  other  scientific  committees  advising  NASA.  The 
agency  ’s  science  program  managers  devoted  much  time  to  providing  Cchi- 
gress  with  examples  of  how  space  science  results  had  produced  or  might 
produce  practical  benefits.10 

hi  this  attempt  to  relate  science  to  ultimate  prac  tical  returns,  sc  ientists 
were  heeding  what  was  considered  an  obvious  lesson  of  history  . l~he  power 
of  the  pnxiucts  of  science  and  technology  in  prosecuting  World  War  II  was 
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apparent.  Following  the  war  Congress  was  disposed  to  listen  to  the  sci- 
entists and  to  give  strong  support  to  scientific  research.*  Scientific  leaders 
took  the  opportunity  to  explain  the  nature  and  importance  of  science." 
Paradoxically,  the  support  for  science  was  mote  assured  than  was  support 
for  many  specific  applications  that  scientists  continued  to  invoke  as  justifi- 
cation for  their  own  researches. 14 

For  the  first  decade  of  NASA's  existence  those  in  the  spate  science  pro- 
gram had  a rather  straightforward  view  of  how  space  applications  fit  into 
the  picture — and.  for  that  matter,  so  did  those  managing  the  applications 
program.  !n  the  belief  that  an  attractive  idea  for  the  practical  use  of  some 
space  technology  would  sell  itself,  the  scientists  were  accustomed  to  pre- 
senting in  broad  outline  possible  applications  that  might  come  from  their 
research,  and  let  it  go  at  that.15  But  while  space  scientists  were  pointing  to 
the  support  that  they'  could  give  to  applications  as  one  justification  of  their 
own  research,  those  in  the  applications  program  were  experiencing  strange 
difficulties  selling  their  wares,  especially  in  the  latter  half  of  the  1960$. 
Indeed,  it  often  seemed  that  space  science  was  easier  to  sell  for  its  own  sake 
than  space  applications  were  few  their  practical  worth. 

It  took  many  years  for  this  paradox  to  be  appreciated,  even  though 
indications  of  the  fundamental  problems  faced  by  those  seeking  support 
for  applications  programs  had  appeared  in  NASA’s  first  few  years  when 
meteorological  and  communications  satellites  were  being  developed.  The 
Advanced  Research  Projects  Agency  had  begun  the  work  oil  meteorological 
satellites.  Once  NASA  was  operating,  the  work  was  transferred  to  the  new 
agency  , primarily  because  of  poteniK*i  civilian  benefits  and  because  of  the 
long-standing  tradition  of  the  government's  providing  weather  services  to 
the  public  through  a civilian  agency,  the  I’.S.  Weather  Bureau  of  the 
Department  of  Commerce. 

Among  NASA's  earliest  successes  was  Tiros — Telev  sion  Infrared  Ob- 
servational Satellite — whic  h formed  the  basis  for  the  country's  first  opera- 
tional weather  satellite  system.14  Tiros  satellites  were  successful  not  merely 
because  they  worked  technically,  but  equally  because  the  Weather 
Bureau — later  the  Environmental  Science  Services  Administration— could 
afford  them. 


•The  vjkNtkmyhip  of  thr  v imiifi*  «nmmunitv  vows  m have  brm  vuirrssful.  and  a dre|>-srutcd 
ujs  (MjMishnl  m Congress  dial  a trruin  .pikhiiii  soctttifu  reseanh — im  hading  jHiir 
MK-mr — was  \iul  in  the  iuikhi's  iillttrq  11m  ajif»rar>  in  hast*  prtMsicd  r\ni  itt  the  vears 
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MK  itttsts  all  thes  wanted  I he  kes  jhhim  is  that  (/mgnsv  was  unwilling  to  ki  tin*  %*/;*  *4  iht  wirtwe 
budget  in  thr  I'.S  int tease  lndrftnitetv  seat  after  seat,  or  (o  rise  above  some  "rrasorvilik  ‘ level  fair 
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and  dcvrtofMnem.  w ith  the  otbrt  W |>rr<ent  going  io  wink  on  rnihtarv  and  other  |*.k  ih  al  \s steins. 
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Not  so  with  Nimbus,  the  proposed  successor  to  Tiros,  Nimbus  was  a 
large,  observatory -class  satellite  intended  to  provide  a wide  range  of  meteor- 
ological data,  worldwide,  day  and  night.  The  military,  the  Weather 
Bureau,  and  NASA  had  agreed  tin  Nimbus  as  the  next  logical  step  beyond 
the  more  primitive  Tiros  satellites.  NASA  managers  were  shocked,  there- 
fore. when  the  Department  of  Commerce  suddenly  w ithdrew  its  support 
from  Nimbus,  precipitating  a crisis  of  confidence  in  NASA  in  its  congres- 
sional committees.  But  to  Commerce  the  problem  was  simple.  The  pro- 
jected price  tag  of  $10  million  or  more  per  satellite  was  far  lieyond  what 
even  future  meteorology  budgets  would  be  able  to  accommodate.  Ol  more 
immediate  concern,  schedules  were  slipping  and  cost  overruns  would  ex- 
ceed available  funds.  Then,  too.  there  was  the  question  of  how  soon  NASA 
would  release  control  of  Nimbus  satellites  to  the  Weather  Bureau,  a matter 
of  prime  concern  if  Nimbus  were  to  be  a |xtrt  of  an  n|XTational  weather 
sen  ice. 

Following  rejection  of  Nimbus  by  the  Department  of  Commerce. 
NASA  agreed  to  upgrade  Tiros  satellites  in  a series  of  steps  to  improve 
observational  capabilities  while  keeping  costs  down.  Nimbus  would  lx* 
retained,  with  NASA  paving  the  costs,  as  a research  platform  for  testing 
new  instruments  and  for  trying  new  ofXTational  prexed tires.  The  success  of 
Nimbus,  and  the  operational  use  made  of  Nimbus  data  by  the  Department 
of  Commerce,  attested  to  the  technical  soundness  of  the  satellite.  It  was. 
however,  not  economically  viable:  at  am  rate,  it  was  not  acceptable  to  the 
principal  intended  user. 

Although  vexing  to  NASA  managers  who  had  considered  Nimbus  a 
particularly  fine  example  ol  a valuable  space  application,  the  Nimbus  case 
was  relatively  uncomplicated.  More  complex  was  the  range  of  difficulties 
encountered  in  developing  a communications  satellite  system. IS  Whereas  it 
had  become  traditional  for  the  government  to  supply  weather  data  to  the 
public,  industry  provided  most  communications  service's — for  a fee.  The 
proiu  motive  was  a prime  consideration  and  vested  interests  abounded. 
These  complic  ations  were  enhanced  by  inter  national  desires  to  share  in  the 
profits  as  well  as  in  the  technological  benefits.  The  issue  of  how  best  to 
ptexced  was  further  txeiouded  by  the  military  need  for  reliable  and  sec  ure 
communications  at  its  command.  Congress,  which  consistently  pressed 
heavily  on  NASA  to  push  sjxice  applications,  was  torn  Ixiween  tin*  desire 
to  bring  the  benefits  of  satellite  communications  quickly  u the  country 
and  its  conviction  that  industry,  if  it  was  going  to  make  a profit  from 
providing  satellite  comnutnuations  service's,  should  lx.ii  its  share  of  the* 
development  costs 

How  the  administration  and  Congress  resolved  these  issue's  g<x*s  well 
beyond  the  subject  of  this  hook.  But  it  is  im|x>rtant  to  note  that  there  was 
clearlv  going  to  lx*  mote  ;o  bringing  a space  application  into  being  than 
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simply  demonstrating  its  technological  feasibility.  For  applications,  the 
harsh  realities  of  the  market  place  had  a controlling  influence. 

Nowhere  was  this  more  evident  than  in  the  field  of  earth-resource  sur- 
veys. Here  vested  interests  were  to  be  encountered  at  every  turn.  Also,  in 
many  eases  the  new  satellite  approach  came  immediately  into  competition 
w ith  previously  established  ways  of  operating.  Land-use  surveys  had  been 
made  with  the  aid  of  aerial  photography,  and  a small  industry  had  grown 
up  around  this  technique.  Estimates  of  grain  production  were  compiled 
from  aerial  photos  and  thousands  of  individual  rejxnts  made  by  farmers  to 
county  agents.  Although  NASA  was  convinced  that  satellite  photography 
would  be  not  only  more  effective  for  many  ust*s.  but  also  far  more  econom- 
ical than  traditional  ground  and  aircraft  surveys,  many  disagreed,  even  to 
the  extent  of  wanting  to  discourage  research  to  test  the  point.  A particularly 
vigorous  stand  was  taken  by  those  who  favored  the  use'  of  aircraft.  Even 
when  numerous  technical  studies  by  NASA  contractors  began  to  show  that 
the  satellite  approach  would  be  quicker,  more  economical,  and  as  accurate, 
the  agency’s  troubles  were*  not  over. 

Many  of  these  questions  were  being  debated  during  the  Nixon  admin- 
istration. winc  h regarded  inflation  as  the  major  problem  to  solve.  In  this 
climate  the  administration  was  not  inclined  to  encourage  investment  in 
e\|x*nsive  new  systems — even  if  they  were  better — when  the  old  systems 
were  adequate.  Moreover,  there  was  concern  that  the  old  ways  would  not  be 
supplanted,  hut  merely  supplemented  by  the  new.  piling  additional  costs 
upon  the  old  for  gains  that  were  not  essential,  valuable  though  they  might 
be.  A member  of  the  Office  of  Management  and  Budget  in  the  Executive 
Office  of  the  White  House  shocked  NASA  managers  into  a realization  of 
how  serious  these  questions  were  considered  to  lx*  by  conjecturing  that,  if 
the  meteorological  satellite  program  had  still  lain  entirely  ahead,  it  might 
not  have  Ixrn  possible  in  the  Nixon  era  to  get  approval  for  proceeding. 
The  administration  managers  were  dead  serious  about  this,  even  in  the  face 
of  the  eminent  success  and  value  of  the  e xisting  Tiros  program. 

A little  later,  when  the  Arab  oil  embargo  and  the  energy  crisis  weighed 
heavily  on  the  nation.  NASA  managers  fully  expected  to  lx*  called  on  for 
extensive  research  and  development  on  problems  related  to  the  emergency, 
and  were*  prepared  to  forgo  some  of  their  space  research  to  help.  But,  while 
NASA  had  developed  an  image  of  success  and  great  technological  capabil- 
ity in  connection  with  its  A|x>llo  and  in  her  programs,  there  was  great 
doubt  as  to  how  well  the  agency  could  cope  with  the  practical  problems 
the  nation  then  faced. 

In  Apollo,  it  was  |Hiinud  out.  NASA  had  enjoyed  a green  light  all  the 
wav.  NASA  was  both  the  devvlo|x*r  and  user  of  its  hardware  and  systems. 
To  a large  extent  tlu*  agenev  set  its  own  technological  and  operational 
objec  tives,  and  established  its  own  criteria  for  success.  In  the  commercial. 
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social,  and  political  world,  matters  would  be  different.  NASA  might 
develop  elegant  systems  for  energy,  transportation,  health  tare,  or  what 
have  you;  but  NASA  would  not  be  the  ultimate  user  of  these  systems,  and 
hence  not  the  judge  of  whether  they  were  acceptable.  It  w’ould  not  be 
enough  to  establish  the  technical  feasibility  of  an  idea.  There  would  still 
remain  the  necessity  to  match  it  to  the  way  the  user  chose  to  carry  on  his 
business,  and  to  make  it  economical.  In  the  Office  of  Management  and 
Budget  then.*  was  serious  doubt  as  to  whether  NASA  could  adapt  to  these 
realities,  a doubt  that  was  fostered  by  John  Young,  the  division  chief  who 
handled  various  technical  budgets,  including  NASA's.  For  many  years 
Young  had  been  a key  figure  on  the  administrative  side  of  the  NASA 
organization.  The  familiarity  he  had  acquired  of  NASA's  methcxls,  plus 
numerous  scars  from  vigorous  encounters  with  Administrator  Webb,  had 
left  Young  with  the  conviction  that  NASA  did  not  understand  the  very 
difficult  problems  in  pushing  applications  from  the  laboratory  to  the 
market,16  He  felt  strongly  that  NASA  was  not  the  agency  to  put  to  work 
extensively  oil  the  nation's  energy  and  resource  problems,  in  spite  of  the 
widely  prevailing,  opposite  view  in  Congress  and  elsewhere.  Young  ex- 
pressed these*  views  in  no  uncertain  terms  to  the  author  during  extended 
discussions  between  the  Office  of  Management  and  Budget  and  NASA  on 
the  subject.  It  is  not  at  all  clear  that  Young  and  OMB  were  right  in  their 
assessment  of  NASA,  but  probably  largely  because  of  their  opinions  NASA 
was  called  on  at  the  time  for  only  a limited  amount  of  help.  Instead  the 
agency  was  encouraged  to  pursue  its  work  in  space  and  aeronautics. 

it  is  not  within  the  scope  of  this  book  to  probe  into  the  problems  faced 
by  those*  responsible  for  developing  space  applications.  Such  matters  are 
very  complex  and  require  a careful  analysis  to  set  them  in  their  proper 
jxTspective.  The  subject  dcx*s,  however,  bring  out  how*  the  simplistic  view 
of  the  scientists — lx>th  inside  and  outside  of  NASA — as  to  how  their  re- 
searches might  lead  to  practical  uses  was  extremely  naive.  For  all  the  trou- 
ble sc  ientists  took  to  justify  their  work  in  terms  of  practical  benefits,  it  can 
be  seen  in  retrospect  that,  as  far  as  science  was  concerned.  Congress  wras 
prepared  to  lake  the  long  view.  Mow  else*  can  one  explain  the  sizable 
budgets  approved  for  astronomical  satellites,  relativity  studies,  interplane- 
lary  investigations,  and  lunar  and  planetary  exploration,  the  ultimate  prac- 
tical benefits  of  which  surely  had  to  lie  in  the  very  dim  future?  If  the  space 
scientists  had  appreciated  the  strength  of  their  position,  they  might  have 
felt  more  secure  in  letting  space  science,  with  its  long-term  implications, 
speak  for  itself. 
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Continuing  Harvest:  The 
Broadening  Field  of  Space  Science 


As  the  decade  of  the  1960s  neared  its  end,  space  science  had  become  a 
firmly  established  activity.  While  the  past  had  brcn  immensely  productive, 
the  future  promised  much  more  and  thousands  of  scientists  around  the 
world  bent  to  the  tasks  that  lay  ahead.  A steady  stream  of  results  poured 
into  the  literature;  universities  illustrated  courses  in  the  earth  sciences, 
physics,  and  astronomy  with  examples  and  problems  from  space  research, 
and  a few  offered  courses  devoted  entirely  to  space  science.  For  their  disser- 
tations graduate  students  worked  with  their  professors  on  challenging 
space  science  problems.  With  the  loss  of  that  air  of  novelty  and  the  spec- 
tacular that  had  originally  diverted  attention  from  the  purposefulness  of 
the  researchers,  the  field  had  achieved  a routinencss  that  equated  to  respec- 
tability among  scientists. 

Maturity  underlay  the  field's  hard-earned  respectability.  Starting  about 
1964,  in  addition  to  the  individual  research  articles  published  in  the  scien- 
tific journals,  more  comprehensive  professional  treatments  of  the  kind  that 
characterizes  an  established,  active  field  of  research  began  to  appear.1  It  is 
interesting,  for  example,  to  compare  the  book  Science  in  Space  published 
in  1960  with  the  second  edition  of  Introduction  to  Space  Science  issued  in 
1968.2  The  matter-of-fact  tone  of  the  latter,  which  discussed  what  space 
science  had  already  done  and  was  doing  for  numerous  disciplines,  con- 
trasts with  the  promotional  tone  of  the  former,  which  could  only  treat  the 
potential  of  spate  science,  what  rockets  and  spacecraft  might  do  for  various 
scientific  disciplines. 

Spack  Sciknck  as  Im  k.ra  iino  Forc.k 

T he  breadth  of  the  field  as  it  evolved  was  impressive.  Among  the  disci- 
plines to  which  space  techniques  were  making  important  contributions 
were  geodesy,  meteorology,  atmospheric  and  ionospheric  physics,  magne- 
tospheric  research,  lunar  and  planetary  science,  solar  studies,  galactic 
astronomy,  relativity  and  cosmology,  and  a number  of  the  life  sciences. 
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The  assured  role  of  spate  science  in  so  many  disciplines  in  the  late  1960s 
was  a source  of  considerable  satisfaction  to  those  who  had  pioneered  the 
field,  an  ample  justification  of  their  early  expectations. 

But  more  significant  was  the  strong  coherence  that  had  begun  to 
develop  among  certain  groups  of  space  science  disciplines.  Perhaps  the 
most  profound  impact  of  s|>ace  science  in  its  first  decade  was  that  exerted 
upon  the  earth  sciences.  Sounding  rockets  made  it  possible  to  measure 
atmospheric  parameters  and  incident  solar  radiations  at  hitherto  inaccessi- 
ble altitudes  and  thus  to  solve  problems  of  the  atmosphere  and  ionosphere 
not  previously  tradable.  Satellites  added  a perspective  and  a precision  to 
geodesy  not  attainable  with  purely  ground-based  techniques.  The  im- 
proved precision  laid  a foundation  for  establishing  a single  worldwide 
geodetic  network  essential  to  cartogiaphers  who  wished  to  position  differ- 
ent geographic  features  accurately  relative  to  each  other.  The  new  persjxr - 
live  gave  clearer  insights  into  the  structure  and  gravitational  field  of  the 
earth.  These  examples  illustrate  one  of  several  ways  in  which  s|xtce  science 
was  affecting  the  earth  sciences:  that  is.  making  it  possible  to  solve  a 
number  of  previously  insoluble  problems. 

Following  James  Van  Allen’s  discovery  of  the  earth’s  radiation  belts 
and  the  growing  realization  over  the  ensuing  years  that  these  were  but  one 
aspect  of  a tremendously  complex  magnetosphere  surrounding  the  earth, 
magnetosphei  ic  research  blossomed  into  a vigorous  new  phase  of  geophys- 
ical research.  This  was  a second  way  in  which  space  science  contributed  to 
the  earth  sciences,  opening  up  new  areas  of  research. 

But  probably  the  most  significant  impact  of  space  methods  on  geo- 
science was  to  exert  a powerful  integrating  influence  by  breaking  the  field 
loose  from  a preoccupation  with  a single  planet.  When  spacecraft  made  it 
possible  to  explore  and  investigate  the  moon  and  planets  close  at  hand, 
among  the  most  applicable  techniques  were  those  of  the  earth  sciences, 
particularly  those  of  geology,  geophysics,  and  geochemistry  on  the  one 
hand  and  of  meteorology  and  upjxkr  atmospheric  research  on  the  other.  No 
longer  restricted  to  only  one  Ixxly  of  the  solar  system,  sc  ientists  could  begin 
to  develop  comparative  planetology.  Insights  acquired  from  centuries  of 
terrestrial  research  could  be  brought  to  bear  on  the  investigation  of  the 
moon  and  planets,  while  new  insights  acquired  from  the  study  of  the  other 
planets  could  be  turned  back  on  the  earth.  Delving  more  deeply  into  the 
subject,  one  could  ho|Xk  to  discern  how  the  evolution  of  the  planets  and 
their  satellites  from  the  original  solar  nebula — it  being  generally  accepted 
that  the1  Ixxlies  of  the  solar  system  did  originate  in  the  c loud  of  gas  and 
dust  left  over  from  the  formation  of  the  sun — could  account  for  their  sim- 
ilarities and  differences. 

The  wide  range  of  problems  served  to  draw  together  workers  from  a 
number  of  disciplines.  Astronomers  found  themselves  working  with  geo- 
scientists who  came  to  dominate  the  field  of  planetary  studies  that  had 
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once  been  ihe  sole  purview  of  (he  astronomers.  Physicists  found  in  the 
interplanetary'  medium  and  planetary  magnetospheres  a tremendous  natu- 
ral laboratory'  in  which  they  could  study  magnetohydrodynamics  free  from 
the  constraints  encountered  in  the  ground-based  laboratory.  Also  known  as 
hydromagnetics,  this  field  was  an  extension  of  the  discipline  of  hydrody- 
namics to  fluids  that  were  electrically  charged  (plasmas),  particularly  their 
interactions  with  embedded  and  external  magnetic  fields.  The  scientific 
importance  ot  the  field  stemmed  from  the  realization  that  immeasurably 
more  of  the  matter  ir  the  universe  was  in  the  plasma  state  than  in  the 
solid,  liquid,  and  gaseous  states  of  our  everyday  experience.  An  outstand- 
ing practical  value  lav  in  the  fact  that  magnetohydrodynamics  was  central 
to  all  schemes  to  develop  nuclear  fusion  as  ^ power  source  Physicists  also 
found  the  opportunity  to  conduct  experiments  on  the  scale  of  the  solar 
system  attractive  for  the  study  of  relativity,  and  many  of  them  began  to 
devise  definitive  tests  of  the  esoteric  theories  that  were  in  existence.  It  is  safe 
to  say  that  this  interdisciplinary  partnership  w as  a valuable  stimulation  to 
science  in  general. 

I he  expanding  perspective  derived  from  space  science  was,  in  the 
author's  view,  the  most  ini|x>rtant  contribution  of  space  methods  to  science 
in  the  first  decade  and  a half  of  NASA’s  existence.  While  it  was  natural  for 
individual  scientists  to  concentrate  attention  on  their  individual  prof  *;  ms, 
to  those  who  took  the  time  to  assess  progress  across  the  hoard,  the  gr*.  ng 
perspective  was  dearly  evident  even  in  the  early  years  of  the  program.  In  a 
talk  before  the  American  Physical  Society  in  April  1965.  the  author 
addressed  himself  to  the  growing  impact  of  space  on  geophysics,  which 
even  then  ap|x*ared  much  as  described  above.1  NASA  managers  in  their 
presentations  to  the  Congress  began  to  emphasize  the  important  perspec- 
tives afforded  by  space  science.  As  a case  in  point,  the  spring  1967  defense 
of  the  N ASA  authorization  request  for  fiscal  1968  described  space  science  as 
embrac  ing  (1)  exploration  of  the  solar  system  and  (2)  investigation  of  the 
universe.4  Gathering  the  different  space  science  disciplines  into  these  two 
areas  was  not  simply  a matter  of  convenience.  Rather  it  reflected  a grow  ing 
recognition  of  the  broadening  perspective  of  the  subject,  a point  that  was 
further  developed  by  Leonard  Jaffe  and  the  author  in  a paper  published  in 
Science  the  following  July.1  At  the  time  it  was  much  easier  to  treat  of  the 
impact  of  space  sc  ience  on  the  earth  sciences,  whic  h already  offered  many 
examples.  While  it  would  probably  take  a number  of  decades  to  achieve  a 
thorough  development  of  the  field  of  comparative  planetology,  with  an 
applet  iable  number  of  missions  to  the  moon  and  planets  Ixhind  and  more 
in  prosfxct,  the  fxmerful  new  persjxctives  available  to  the  geoscientists 
were  quite  c lear. 

As  for  astronomy — the  investigation  of  the  universe — the  deejXT  signif- 
icance of  the  impact  of  space  science  on  the  discipline  appeared  to  be 
unfolding  more  slowly.  To  lx*  sure,  the  most  obvious  benefit — that  of  mak- 
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mg  it  possible  for  the  astronomer  to  observe  all  wavelengths  that  reached  the 
top  of  the  atmosphere,  instead  of  being  limited  to  only  those  that  could 
reach  the  ground— began  to  accrue  with  the  earliest  sounding  rockets  that 
photographed  the  sun’s  spectrum  in  the  hitherto  hidden  ultraviolet  wave- 
lengths. This  benefit  grew  steadily  with  each  additional  sounding  rocket  or 
satellite  providing  observations  of  the  sun  and  galaxy  in  ultraviolet,  x-ray, 
and  gamma-ray  wavelengths.  The  value  of  these  previously  unobtainable 
data  was  inestimable.  But  in  the  long  run,  a deepe,,  more  significant 
impact  of  space  methods  on  astronomy  could  be  expected,  as  Prof.  Leo 
Goldberg  and  others  pointed  out:  the  advent  of  a much  more  powerful 
means  of  working  between  theory  and  experiment  than  had  ever  existed 
before. 

At  one  time  the  author  tried  to  persuade  the  House  Subcommittee  on 
Space  Science  and  Applications  that,  as  far  as  the  origin  and  evolution  of 
natural  objects  were  concerned,  the  scientist  knew'  more  about  the 
than  about  the  earth.  The  statement  was  intentionally  phrased  v pr 
v'Kative  fashion  to  get  attention,  which  it  did.  The  Congressmen 
immediately  in  disbelief,  and  it  took  quite  a bit  of  discussion  t*  devtv 
the  point,  which  went  as  follows. 

Certainly  men  living  on  the  earth,  as  they  do,  had  been  able  Uj  . iass 
volumes  and  volumes  of  data  on  the  earth’s  atmosphere,  (y  eans,  rocks,  and 
minerals  of  a kind  and  in  a detail  that  could  not  be  assembled  for  a remote 
star.  But,  when  it  came  to  the  question  of  just  when,  where,  and  how  the 
earth  formed  and  began  to  evolve  many  billions  of  years  ago,  the  scientist 
was  limited  to  a study  of  just  one  planet — the  earth  itself.  From  an  investi- 
gation of  that  one  body  and  whatever  he  could  decipher  of  its  origin  and 
evolution,  he  had  to  try  to  discern  the  general  processes  that  entered  into 
the  birth  and  evolution  of  planets  in  general.  OnK  in  such  a broad  context 
could  the  scientist  feed  satisfied  that  he  really  understood  any  individual 
case.  Having  only  the  earth  to  study,  he  was  greatly  hampered. 

For  the  stars,  however,  the  astronomer  had  the  galaxy  containing  100 
billion  stars  to  observe,  and  billions  of  other  galaxies  of  comparable  size. 
In  that  vast  array  the  astronomer  could  find,  for  any  object  he  might  want 
to  study,  examples  at  any  stage  of  evolution  horn  birth  to  demise.  With 
such  a display  before  him  in  the  heavens,  the  as  ronomer  could  proceed  to 
develop  a theory  of  stellar  formation  and  evolution  and  test  the  theory 
against  what  he  observed.  In  such  an  interplay  between  theory  and  obser- 
vation the  theorists  did  develop  a remarkable  explanation  of  the  birth,  evo- 
lution, and  demise  of  stars.6  So,  in  this  sense,  the  astronomer  could  claim 
to  understand  more  about  the  stars  than  the  earth  scientist  did  about  the 
earth 

But  there  was  a shortcoming  in  this  theoretical  process.  The  theory 
was  based  on  observations  of  those  wavelengths  that  could  reach  the 
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ground— mostly  visible,  with  a little  in  the  ultraviolet  and  inhered,  and 
after  World  War  II  critical  observations  in  some  radio  wavelengths.  Yet 
that  very  theory  predicted  that  vitally  important  stellar  phenomena  would 
be  manifested  in  the  emission  of  wavelengths  that  the  astronomer  could 
not  yet  see.  The  early  formation  of  a star  from  a cloud  of  gas  ami  dust  that 
was  beginning  to  aggregate  into  a ball  would  be  revealed  primarily  in  the 
infraied  as  gravitational  pressures  caused  the  material  to  heat  up.  At  the 
other  end  of  the  spectrum  very  hot  stars  would  be  emitting  mostly  in 
wavelengths  shorter  than  the  visible,  presumably  mostly  in  the  ultraviolet. 
Little  attention  was  paid  to  x-rays  or  gamma  rays,  yet  among  the  most 
important  discoveries  of  space  science  have  been  x-ray  emissions  from  the 
sun  ami  more  than  a hundred  stellar  sources.7  Here  is  where  the  most  pro- 
found impact  of  space  science  upon  astronomy  could  be  expected  in  the 
decades  ahead.  Just  as  the  new-found  ability  to  study  other  planetary 
bodies  than  the  earth  immeasurably  broadened  the  perspectives  of  the  earth 
sciences,  so  the  ability  ot  the  astron  mer  to  observe  in  all  the  wavelengths 
that  reached  the  vicinity  of  the  earth  could  be  expected  to  strengthen  the 
interplay  between  theory  and  experiment  in  the  field  of  astronomy.  By  the 
1970s  the  process  had  already  begun,  but  the  full  power  would  doubtless 
have  to  wait  until  astronomers  had  the  benefit  of  a variety  erf  satellites  more 
powerful  than  the  solar  and  astronomical  satellites  of  the  first  decade.  In 
addition  to  large*,  previse  optical  telescopes,  which  one  naturally  thought 
of  in  the  19o0s  an d early  1969s,  there  would  also  have  to  be  specially 
instrumented  spacecraft  to  pursue  the  new  field  of  "high-energy  astron- 
omy" which  leapt  into  prominence  with  the  early  discovery  of  x-ray 
sources.  One  would  also  need  both  infrared  and  radio  telescopes  in  orbit. 
In  short,  to  make  the  most  of  the  opportunity  that  had  burst  upon  the 
astronomical  community,  there  would  have  to  be  established  in  orbit  a 
rather  complete  facility  consisting  not  just  of  a single  instrument,  but  of  a 
set  of  instruments  ranging  across  the  whole  ohseivable  spectrum. 

As  for  the  life  sciences,  space  appeared  able  to  contribute  in  a variety 
of  way*:.  One  could  expose  biological  specimens — including  the  crews  of 
mantled  spacecraft — to  the  environment  of  space  and  observe  what  hap- 
| nned.  But  the  biologists  agreed  that  the  most  significant  contribution  of 
space  science  to  their  discipline  could  well  be  in  exobiology — the  study  of 
extraterrestrial  life  and  the  chemical  evolution  of  planets.*  This  subject  was 
subsumed  under  the  study  of  the  solar  system,  since  the  evolutional  histo- 
ries of  the  planets,  the  kinds  of  conditions  they  developed  on  their  surfaces 
and  in  their  atmospheres,  would  have  much  to  do  with  whether  life 
formed  on  the  planet,  or  with  how  far  a lifeless  planet  moved  toward  the 
formation  of  life. 

Thus,  as  one  moved  into  the  1970s.  although  space  scientists  could 
take  much  satisfaction  in  the  wide  variety  of  individual  disciplines  to 
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which  thev  had  lx*en  able  10  contribute,  it  was  tho  new  perspective*  that 
brought  groups  of  disciplines  together  in  a common  endeavor  chat  was 
most  important. 


Fxpi  ora  ito\  ok  ihk  Soi.vr  Sysi>:.\i 

By  the  end  of  the  19b0s  study  of  the  solar  system  extended  from  Earth 
to  the  nearest  planets.  Mars  and  Venus;  and  men  had  landed  chi  the  moon. 
In  the  next  two  years  the  Apollo  astronauts  mack  a searching  exploration 
of  the  moon,  after  which  Skvlab  crews  turned  attention  toward  Earth  and 
the  sun.  During  the  early  1970s  unmanned  spacecraft  also  added  Mercury, 
the  asteroid*,  and  Jupiter  with  some  of  its  satellites  to  the  list  of  objects  in 
the  solar  system  that  scientists'  instruments  had  been  able  to  reach  ami 
observe,  and  had  Ix-gun  the  long  trek  to  Saturn  and  the  outer  planets. 

( irodtsy 

Around  Earth,  satellite  geodes*  continued  to  advance  steadily.  As 
shown  in  chapter  11.  the  first  halt-dozen  years  of  geodetic  research  using 
space  techniques  were  largely  vears  of  |>refXtrauon  fen  the*  ultimate  coup, 
that  of  establishing  a worldwide  geodetic  net  referred  to  a common  refer- 
ence ellipsoid.  Year  by  year  gecxlesists  moved  ste\tdily  toward  that  goal.  Bx 
1970  suc  h a reference  system  was  in  use*,  at  legist  among  the  principal 
experts,  and  positions  tela  live  to  the  common  reference  could  he  given  to 
13  meters  or  better.  Vs  for  Earth's  gravitational  field,  gocxl  estimates  h,id 
fxxn  obtained  lor  ecx'lf  icier  its  for  the*  various  harmonies  in  the  spherical 
harmonic  expansion  of  the  geo|x Hernial  up  to  at  least  the  19th  degree. 
C-eexlesists  were  quick  to  |x»int  out  that.  »n  a little  more  than  a decade*, 
scientists  had  ineicMMxl  the'  quantitative  kn  m ledge  of  global  fiositiotiing 
and  of  the  st/e  and  shajx*  of  Earth  b\  10  ittne*s.  and  knowledge  of  the 
gravitv  field  hv  100  times — the  smie  order  ol  improvement  as  Ii.hI  Ixvtl 
achieved  in  the  previous  200  \e\tts.'* 

Bv  the  niid*l97fK  another  order  of  magnitude  liaef  Ixxn  realized  in 
|xisitioning  tee  hnie|ties.  ami  one  could  Ix-gin  to  zero  in  on  aec  tirac  it's  suffi- 
cient to  match  vat  tat  tons  in  mean  mm- level  height  < centimeters)  and  tin* 
very  slow  movements  tectonic  plate  motions  and  continental  drift  teen- 
titnerers  |xr  seat).  I sing  a combination  ol  >.;:;*!!!!**  nx hntques.  obsrrva- 
tions  on  cpiasars  and  pulsars  with  a merhcxl  ealiexl  vtrv  long  baseline  inter- 
ferotnetrv.  and  extreme!*  ac  c mate  < lex  ks  (I  |xnt  in  I0*fe?  that  might  lx*  de- 
velojxxl  with  superconducting  cast*. it's,  one  could  aspire*  to  |xisiiion;:I 
accuracies  of  Min.il  ceritiimiers  relative*  to  the  reference  elli|>soid. 

But.  as  antic  ijiatexi.  gexxle*s\  did  not  icniain  Kaithhound.  although  the* 
first  extension  to  another  planetar*  Ixxlv  was  more  In  chain e than  other- 
wise. Tracking  of  Lunar  Ot  Inters.  live  o!  which  were  put  into  mbit  of  the 
moon  between  10  August  !9f*>  and  I August  19fi7.  showed  a (xx  uliar  |xr- 


Gintiming  HARVEST 


turhution  of  the  orbital  motion  over  a number  of  the  circ  ular  maria  of  the 
moon.  Analysis  soon  indicated  that  these  disturbances  were  probably 
caused  by  unusual  concentrations  of  mass  in  the  maria  basins.  These  mas- 
cons.  as  they  came  to  be  called,  became  cnie  erf  the  many  puzzles  in  connec- 
tion with  the  evolution  erf  the  moon  that  scientists  had  to  try  to  explain. 
Some  suggested  that  they  were  caused  by  heavy  metallic  material  from 
slow-moving  iron  meteorites  that  had  gouged  out  the  basins  where  the  mas- 
cons  are  now  found.  Or  they  might  be  due  to  Unas  of  different  densities  that 
filled  the  basins  with  the  material  now  observed  in  the  maria.  They  could 
be  plugs  of  denser  material  from  a lunar  mantle  that  was  shoved  upward 
after  the  basins  had  been  formed  hv  impacting  meteorites.  Those  making 
the  above  suggestions  considered  the  mascons  as  strong  evidence  that  the 
moon  was  quite  rigid.  But  there  were  other  opinions,  as  John  0‘Ketfe 

points  <ru: 

litis  (a  rigid  moon]  is  more  <*  k*v>  how  l rev  saw  it.  What  most  of  the  rest  of 
us  v«w  was  that  the  moon  was  in  imperfect  isostatic  equilibrium  like  the 
earth  Apart  from  tin*  mascons.  there  wa*  ismiaiic  equilibrium,  kaula 
punted  (Hit  that  tftc  earth,  like  the  iiumhi.  lias  important  deviations  from 
like  the  Hawaiian  mass.  ties  . . overestimated  the  sign  if  name  of 

the  ’*m;iMOtis*’  as  iiHlnating  a difference  between  the  earth  and  the  moon.  He 
maintained  that  the  iiumhi  was  more  rigid  dem  theeaith  light  up  to  die  time 
when  actual  measurements  sliowtd  that  in  fact  it  is  hss  rigid. 

Whatever  the  mascons  might  turn  out  to  he*,  however,  then  were  an  excit- 
ing  and  dearlv  significant  discovers  of  the  first  extension  of  geodesy  into 
the  it^t  of  die  solar  system. 

Aitnnspheru  atid  lotuispheru  Studies 

Like*  geodesy.  up’xr  atmospheric  research  and  ionospheric  physics 
continued  to  build  iifxm  the  grouiHiwork  established  earlier  (chajner  6j. 
Itulml.  to  the  none\|)rrt  the  research  and  results  could  easily  appear  to  be 
more  of  the  same.  But  to  the  rvxTt  progre*ss  in  the  field  was  nothing  short 
of  phenomenal.  Questions  that  had  been  upfx*rmost  in  the  experimenter’* 
mind  a decade  before  were  quitklv  answered.  It  was  shown  that  above  200 
k:lomeit*is  the  neutral  atmosphere  liecatiu*  essentially  im '.thermal,  varying 
with  the  solar  cycle  from  around  hOO  kelvins  at  sunspot  minimum  to 
somewhat  more  than  2000  k at  times  of  verv  high  soLu  activity.  As  had 
been  expected  the  lighter  gases,  helium  and  hydrogen  were  found  to  pre- 
dominate a lime  000  01  700  km.  the  on  u*i  most  |x>itxc*ns  being  largely  hy- 
drogen. Above  1000  km  tht  positive  ions  He*  and  H*  of  helium  and  atomic 
hydrogen  exceeded  the  concentrations  of  atomic  oxygen  ()\  which  was  the 
major  ionic  constituent  of  the  F,  region  from  la©  km  to  above  800  km.11  At 
considerabh  lower  jltitiuK  the  I)  region  of  the  ionosphere  was  found  to 
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br  surprisingly  complex.  In  1965  experimenters  found  that  D-rrgion  ioniza- 
tion below  90  km  consisted  primarily  of  hydrated  protons.  Some  years  fatter 
it  was  shown  that  negative  ions  in  the  D legion  tended  to  form  complex 
hydrated  clusters.12  Most  important,  the  various  solar  radiations  responsi- 
ble for  the  ionization  of  the  different  layers  were  completely  mapped.  As 
Herbert  Friedman  of  the  Naval  Research  laboratory  put  it  in  1974: 

The  stiu  spectrum  is  nous  known  with  high  resolution  over  the  full  elec- 
tromagnetic range.  Sprctmhriiograim  in  all  wavelengths  haw  mealed  the 
spatial  structure  over  the  disk  (of  the  sun)  and  in  the  higher  levrb  of  the 
to’ona  Wr  may  conclude  that  the  majot  features  of  the  ekxiromagnrtic 
inputs  to  and  interactions  with  the  ionosphere  are  well  understood.1* 

One  o(  the  most  significant  findings  was  that  the  upper  atmosphere 
and  ionosphere  could  trot  he  considered  to  be  in  or  even  near  equilibrium, 
previouslx  a common  assumption.  For  example,  temperatures  of  the 
electrons  in  the  upper  ionosphere  were  found  to  be  appreciably  higher 
than  the  temperature  of  the  ambient  neutral  gas.  while  the  ion  tempera- 
tures were  intermediate  between  the  two.”  A continuing  round  of  dynamic 
processes  c harac  ter i/ed  these  regions,  as  solar  radiations  and  the  day-night 
cycle  mi  in  motion  a complex  chain  of  chemical  and  physical  reactions. 
Also,  in  the'  light  of  spine  discoveries,  the  ionosphere  was  seen  to  be  a pan 
of  the  much  greater  magnetosphere  within  which  one  could  identify  a 
plasmapause,  inside  of  which  the  hot  plasma  composing  the  ionosphere 
rotated  w ith  Farth  and  outside  of  which  particle  ntdiaiions.  no  longer  co- 
rota  t tug  with  Farth.  exhibited  com  relive  hum  ions  induced  by  the  solar 
wind.1' 

But  while  such  detail  may  he  of  interest  as  answering  questions  that  a 
decade  before  still  puzzled  researchers.  their  true  significance  lav  in  ;he  fact 
that  bv  the  I97(K  all  known  niajot  problems  of  the  high  atmosphere  and 
ionosphere*  had  a satisfactory  explanation  based  cm  sou  ml  observational 
data.  From  then  on  research  in  thr  ti|>f*T  aiinosphtTe  ami  ionosphc're 
could  be*  regarded  as  largely  a mopping-up  operation.  tile  investigation  of 
the  finer  details  of  what  was  going  cm. 

Meteorology 

As  tot  meteorology,  the  s!oi\  was  somewhat  different.  Sounding 
rockets  provided  the  humus  for  making  measurements  at  all  levels  within 
the  atmosphere,  and  satellites  furnished  worldwide  imaging  of  cloud  sys- 
tems plus  observations  of  atmospheric  radiations  and  irmfMTai uie  profiles. 
These  data  amplified  bv  orders  of  magnitude  the  amount  of  information 
available  to  the  meteorologist,  filling  m enormous  gaps  that  had  existed 
over  the  oceans  and  uninhabited  land  areas.  But  most  of  the  impact  of 
these  data  was  on  the  foiecasting  of  weather  and  climatic  trends,  where 
their  contribution  was  of  inestimable  value  In  a decade  and  a half  of  giant 
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strides  in  practical  meteorology  brought  about  in  pan  by  spare  methods, 
nothing  of  a revolutionary  nature  was  contributed  to  the  science  of  the 
lower  atmosphere.  In  the  mkM97Qs  atmospheric  scientists  still  had  to 
admit  that  there  had  been  no  breakthroughs  attributable  to  space  observa- 
tions. although  a wealth  of  new  information  was  available  and  was  under 
continuing  intensive  study  . Most  researchers  were,  however,  optimistic  that 
in  the  years  ahead  space  data  would  share  with  ground-based,  balloon,  and 
aircraft  measurements  in  leading  ultimately  to  the  breakthroughs  in  that 
understanding  of  the  atmosphere  needed  to  provide  long-term  forecasts  of 
both  weather  and  climate  ami  to  predict  accurately  the  place  and  time  of 
occurrence  of  severe  storms. 

If  there  was  no  general  breakthrough,  there  were  several  intriguing 
contributions  from  space  research.  For  one  thing,  as  with  other  areas  of  the 
earth  sciences,  the  perspective  afforded  by  satellite  imaging  was  a greai 
stimulus  to  research.  The  ability  to  see  and  assimilate  with  ease  the  distri- 
bution and  kinds  of  clouds,  the  location  and  nature  of  weather  dis- 
turbances. the  distribution  of  vort icily,  etc.,  gave  the  researcher  a new 
handle  on  his  subject.  As  one  result,  tropical  meteorology,  once  regarded  as 
a dead-cud  field,  sprang  to  life:  and  scientists  began  to  develop  new*  in- 
sights into  the  relations  between  the  tropics  and  mid-latitudes. 

Most  of  the  sun's  radiation  lies  in  the  visible  wavelengths,  which, 
along  with  some  infrared  and  ultraviolet,  control  Earth's  weather.  This 
portion  of  the  sun's  spectrum  is  remarkably  constant  over  time,  although 
the  question  of  just  how  constant  remains  open,  and  is  one  of  the  prob- 
lems that  space  methods  may  help  to  solve.  ITte  short  wavelengths,  on  the 
other  hand,  are  extremely  variable,  their  changes  causing  enormous  varia- 
tions w ithin  the  high  atmosphere.  A natural  question,  then,  was  whether 
these  upper  atmospheric  and  ionospheric  changes  might  not  be  related  to 
meteorological  changes.  But,  although  sudden  warmings  of  the  strato- 
sphere appeared  to  be  associated  with  solar  ultraviolet  radiations,  the  gen- 
eral view  was  that  this  portion  of  the  solar  spectrum,  containing  less  than 
one  one-millionth  of  the  energy  carried  in  the  visible  wavelengths,  could 
hardly  have  any  significant  effect.  Yet.  after  more  than  a decade  of  space 
research,  intriguing  hints  of  relationships  between  upper  atmospheric  and 
meteorological  activity  began  to  appear.16  For  example,  particles-and-fields 
research  had  shown  that  the  interplanetary  medium  around  the  sun  was 
divided  *nto  sectors  in  some  of  which  magnetic  fields  were  directed  away 
from  the  sun,  while  in  others  the  magnetic  fields  were  pointed  generally 
toward  the  sun  (fig.  46).  The  two  kinds  of  sectors  alternated  with  each 
other  in  going  around  the  sun.17  Quite  remarkably  the  boundaries  between 
these  sectors  appeared  to  be  associated  w ith  changes  in  atmospheric  vorti- 
citv . Here  was  a phenomenon  that  could  have  a profound  significance  and 
the  existence  of  which  lent  substance  to  the  question  of  magnctospheric 
and  upper  atmospheric  relationships  to  meteorology. 


Figure  46.  Sector  structure  of  the  solar  magnetic  field.  The  data  are  for  December 
196 5 to  February  1^6-1  The  direction  of  the  average  experimental  interplanetary 
magnet u field  during  three-hour  intervals  is  demited  by  plus  signs  (away  from  the 
sun)  and  minus  signs  < toward  the  sun K Parentheses  around  a plus  or  minus  sign 
indicate  that  the  field  direction  fluctuated  significantly . The  solid  lines  represent 
magnetic  field  lines  at  sector  boundaries.  Alois  lf\  Schardt  and  Albert  (»,  Opp  m 
Significant  Achievements  in  Space  Science,  1965.  XASA  SP-H6  {1967k  p.  42. 


As  space  scientists  were  getting  a firm  grip  on  the  physics  and  chemis- 
ny  of  Earth's  upper  atmosphere,  their  attention  was  simultaneously  being 
drawn  toward  the  planets.  What  was  known  about  planetary  atmospheres 
had  come  from  the  efforts  of  a small,  select  group  of  scientists,  mostly 
astronomers.18  Even  more  remote  from  the  astronomers  than  Earth  s upper 
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atmosphere  had  been  from  the  geophysicists,  the  atmospheres  of  Mars, 
Venus,  and  the  other  planets  taxed  the  investigators*  ingenuity.  Gross  un- 
certainties often  existed  in  their  estimates  of  atmospheric  properties.  As 
with  Earths  upper  atmosphere,  measurements  from  space  probes  promised 
to  eliminate  or  reduce  many  of  the  uncertainties. 

The  Soviet  Venera  spacecraft  in  1970  and  1972  removed  any  doubt  that 
the  ground-level  pressure  of  Venus’s  atmosphere  was  about  100  times  that 
of  Earth,  and  the  Jet  Propulsion  Laboratory  ’s  Mariners  showed  that  Mars's 
atmosphere  was  roughly  one  percent  that  of  Earth.  The  atmospheres  of 
both  Venus  and  Mars  were  established  as  primarily  carbon  dioxide,  as  had 
been  concluded  from  ground-based  observations.  As  radio  astronomers  had 
already  shown,  the  surface  of  Venus  was  confirmed  to  be  in  the  vicinity  of 
700  K and  fairly  steady,  while  that  of  Mars  was  somewhat  colder  than 
Earth's  and  varied  appreciably  with  the  seasons.  Whereas  both  Earth  and 
Mars  rotated  rapidly  with  approximately  the  same  periods,  ground-based 
radar  measurements  showed  Venus  to  turn  very  slowly — once  every  243 
days — in  the  opposite  direction  to  that  of  the  other  planets.19 

From  the  point  of  view  of  comparative  planetology  , the  relations  be- 
tween Venus.  Earth,  and  Mars  were  ideal.  Earth  was  clearly  intermediate 
between  the  two  others  in  many  respects,  and  many  scientists  felt  that  a 
detailed  study  of  all  three'  should  be  of  special  benefit  in  understanding 
Earth.  An  example  of  the  kind  of  interplay  that  was  possible  was  furnished 
by  the  study  of  the  role  of  halogens  in  the  atmosphere  of  Venus.  The  inves- 
tigations It'd  to  the  suspicion  that  chlorine  produced  in  Earth's  stra- 
tosphere from  the  exhausts  of  Spate  Shuttle  launches  or  from  freon  used 
at  the  ground  in  aerosol  sprays  might  dangerously  deplete  the  ozone  layer, 
which  was  known  to  shield  Earth's  surface  from  lethal  ultra  violet  rays  of 
the  sun.  In  a similar  manner,  when  Venus’s  atmosphere  was  found  to 
exhibit  a single  circulation  cell,  global  in  extent,20  it  was  recognized  that  a 
careful  study  of  this  special  example  could  vield  important  insights  into 
the  terrestrial  atmosphere,  where  numerous  circulation  tells  interact  on  a 
rapidly  rotating  globe*,  i he  clouds  on  Venus  had  long  been  a mystery  , in 
which  stratospheric  aetosols  now*  ap|>eared  to  play  a key  role.  The  unravel- 
ing of  the  precise  role  of  aerosols  in  the  Venus  atmosphere  would  certainly 
benefit  studies  of  chemical  contamination  of  Earth's  atmosphere.  At  the 
other  end  of  the  scale,  the  role  of  dust  storms  in  the  thin  Martian  atmos- 
phere could  lend  an  iuifxmant  additional  perspective  to  the  role  of  dust  in 
mcxlifying  Earth's  climate.  On  a much  grander  scale,  as  Pioneer  spacecraft 
passed  by  Jupiter  in  1973  and  1974  it  was  learned  that  the  famous  red 
spot21  was  a huge  hurricane  large  enough  to  engulf  three  Earths.  What 
might  be  learned  from  the  Jupiter  hurricane  about  atmospheric  dynamics 
that  could  lx*  applied  to  the  c ase  of  Faith  remained  to  he  seen. 

The  first  planetary  ionosphere  other  than  Earth's  to  lx*  detected  exper- 
imentally was  that  of  Mars.  Bv  observing  the  influence  of  the  planet’s 
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atmosphere  on  radio  signals  from  Mariner  4 as  chose  signals  traversed  the 
planet  s atmosphere  just  before  the  spacecraft  was  occulted  by  the  planet,  it 
was  possible  to  obtain  an  estimate  of  electron  density  as  a function  of  alti- 
tude. The  ionosphere,  which  was  observed  at  a period  of  minimum  sun- 
spot activity,  was  somewhat  less  developed  than  expected  from  terrestrial 
analogies.  Later,  at  times  of  greater  activity.  Mariner  6,  7.  and  9 revealed  a 
slightly  more  intense  ionosphere,  showing  a noticeable  dependence  on  the 
solar  cycle.  The  same  sort  of  occultation  experiment  on  Manner  5 (1967) 
gave  electron  density  profiles  for  Venus,  both  dayside  and  nightside.  The 
nightside  ionosphere  was  almost  two  orders  of  magnitude  less  intense  than 
the  daytime  ionosphere,  which  showed  a distinctly  higher  electron  density 
than  that  of  Mars."2  Jupiter  was  shown  to  have  a well-developed 
ionosphere. 21 

Thus,  during  the  1960s,  while  satisfactory  answers  were  being  obtained 
for  all  the  known,  major  problems  of  Earth  s high  atmosphere,  a good 
start  was  made  on  the  investigation  of  the  atmospheres  and  ionospheres  of 
other  planets. 

Magnetospheric  Physics 

A genuine  product  of  the  space  age.  magnetospheric  research  also 
moved  on  apace.  During  the  first  half-dozen  years  the  principal  task  was 
for  the  experimenters  to  produce  an  accurate  description  of  the  magneto- 
sphere. although  once  the  existence  of  the  radiation  belts,  a terrestrial 
magnetosphere,  and  the  solar  w ind  had  been  revealed  by  actual  observation 
in  space,  a host  of  theorists  vied  with  each  other  to  devise  explanations. 
Indeed,  as  was  pointed  out  in  chapter  II,  Eugene  Parker's  seminal  |>ajvr 
on  the  solar  wind  antedated  the  detec  tion  of  the  wind  and  met  with  a gu  at 
deal  of  flak  until  his  critics  were  silenced  by  the  space  observations.  I he 
situation  was  typical  for  science;  often  many  competing  theories  produce  a 
continuing  argument  which  no  one  can  win  until  specific  measurements 
become  available  to  weed  out  those  theories  that  don't  fit  the'  data.  After  the 
initial  years  of  discovery  and  survey,  however,  the  main  action  shifted  to 
the  theorists,2*  although  the  experimentalists  continued  to  amass  addi- 
t tonal  data  from  both  satellites  and  space  probes.25. 

At  the  end  of  the  !960s  the  theorists  could  explain  many  features  oi 
sun-earth  relations,  the  inter  planetary  medium,  and  the  magnetosphere, 
but  a large  number  of  fundamental  questions  remained  to  be  resolved.  To 
the  layman  a schematic  picture  of  the  magnetosphere  drawn  at  the  end  of 
the  decade  might  look  much  like  that  of  figure  35  (c  hapter  1 1 ),  produced  a 
half-dozen  years  earlier.  Bui  the  exjx*rt  would  read  into  that  diagram  a new 
collection  of  rather  subtle  questions  that  still  had  to  be  answered  before 
one  could  claim  to  have  a thorough  understanding  of  magnetospheric 
physics. ^ The  initial  reaction  to  the  discovery  that  Earth's  magnetic  field 
generated  a huge  bow  shock  in  the  rapidly  moving  solar  wind  was  to 
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apply  hydrodynamical  theory.  The  general  shape  and  position  of  the  bow 
shock  and  the  magnetopause  could  be  understood  from  magnet  ohydrody- 
namical  principles.  Also,  it  appeared  that  one  might  explain  the  sudden 
commencement  and  initial  phase  of  magnetic  storms  in  a straightforward 
way.  But  the  theory  could  not  explain  why  the  solar  wind  appeared  to 
apply  a surface  drag  to  Earth's  field,  pulling  some  of  the  field  lines  out 
into  the  long  geomagnetic  tail  that  was  a spectacular  aspect  of  the  magne- 
tosphere. Instead  one  would  expect  the  magnetospheric  cavity  to  close  off  in 
a teardrop  shape. 

To  resolve  some  of  these  difficulties  attention  turned  to  the  idea  that 
the  solar  wind  was  a collisionless  plasma,  and  the  bow*  shock  a collision- 
less phenomenon.  Since  under  this  assumption  particle-to- particle  colli- 
sions would  be  negligible,  one  had  to  seek  the  cause  of  the  bow  shock  in 
cooperative  field  effects,  such  as  interactions  between  electrostatic  fields  of 
the  charged  particles  and  magnetic  field  components  perpendicular  to  the 
direction  in  which  the  gas  velocity  changed.  As  the  1970s  opened,  ? great 
deal  of  study  was  going  into  collisionless  shocks,  particularly  in  nt 
shocks,  which  observations  showed  Earth's  bow  shock  to  be. 

Other  problems  that  required  attention  were  the  wide*  range  of  geo- 
magnetic activity,  the  acceleration  of  particles  within  the  magnetosphere, 
the  production  of  the  auroras,  and  the  formation  of  the  geomagnetic  tail. 
In  connection  with  these  matters,  the  idea  that  parallel  and  opposite  mag- 
netic fields  might  merge  and  annihilate  each  other  aroused  stormy  debate. 
One  could  point  to  cases  in  which  such  a process  might  be  important.  For 
example,  if  the  field  in  the  solar  w ind  had  a southward  component  when  it 
struck  Earth's  magnetic  field  at  the  nose  of  the  magnetosphere,  where  the 
terrestrial  field  would  be  northward,  merging  and  annihilation  might  take 
place.  Or  merging  could  occur  when  field  lines  in  the  interplanetary 
medium  happened  to  be  essentially  parallel  to  field  lines  in  the  magneto- 
spheric  tail. 

With  such  problems  the  magnetospheric  physicists  had  an  agenda  that 
would  keep  them  amply  occupied  during  the  1970s.  Moreover,  early  in  that 
decade  they  got  their  first  look  at  another  planetary  magnetosphere — that 
of  Jupiter.27  As  the  fascinating  complexity  of  Earth's  magnetosphere  and 
its  important  role  in  sun-earth  relationships  had  unfolded,  physicists  had 
immediately  thought  of  the  possibility  of  other  planetary  magnetospheres. 
It  w as  know  n from  observation  of  Jovian  radiations  that  Jupiter  had  a very 
strong  magnetic  field.211  As  a consequence  no  one  doubted  that  the  first 
spacecraft  to  reach  the  giant  of  the  solar  system  would  encounter  a well 
defined  magnetosphere. 

Until  instruments  could  lx  sent  to  the  nearer  planets,  the  question 
remained  open  as  to  whether  they  also  had  magnetospheres.  The  first 
Soviet  Luniks  showed  that  the  moon  had  very  little  magnetic  field,  an 
observation  that  was  confirmed  repeatedly  in  later  l\S.  missions.29  Al- 
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though  some  magnetism  was  found  in  the  lunar  oust,  it  became  quite 
dear  that  the  moon  did  not  have  a potoidat  field  such  as  the  dipolar  field 
of  Karth.  Accordingly  there  was  no  lunar  magnetosphere  analogous  to  that 
of  Karth.  Similarly  the  Manner  that  Hew  by  Venus  in  1962  could  detect  no 
magnetic  field,  nor  could  Afurtuer  4 when  it  reached  Mars  in  I965.w  But, 
surprisingly.  Merctirv  when  reached  in  1971  turned  out  to  have  an  appreci- 
able field> 

Khtse  circumstances  provided  the  space  scientists  an  opportunity  for 
comparative  studies  in  sun-planetary  relations,  an  op|>oritinity  that  in  the 
early  1970s  was  still  largely  unexploited.  As  has  already  been  shown,  Karth 
provided  the  case4  of  a planet  with  a sizable  atmosphere  and  a strong  mag- 
netosphere. both  of  which  were  involved  in  intricate  ways  in  the  processes 
by  which  the  sun  exerted  its  influence  on  the  planet.  At  the  other  extreme 
the  moon  provided  the  case4  of  a body  with  neither  magnetosphere  nor 
atmosphere,  so  that  solar  radiations  impinged  directly  upon  the  lunar  sur- 
face. For  Venus  the  sun  s particle  radiations  struck  the  atmosphere  directly, 
unmodified  by  a magnetosphere;  but  the  extremely  dense'  atmosphere 
shielded  the  planet's  surface  completely  from  these  radiations.  Mars,  with 
its  thin  atmosphere  but  also  without  a magnetosphere  was  intermediate 
between  the  moon  and  Venus.  Mercury,  on  the  other  hand,  provided  an 
example  of  a planet  with  a magnetosphere  but  no  atmosphere,  flow  such  a 
magnetosphere  wottief  differ  from  Karth**.  which  was  continually  interact- 
ing with  the  planet's  atmosphere  and  ionosphere,  was  an  interesting  sub- 
ject for  investigation,  one  that  doubtless  would  lx*  exploit'd  over  the  years 
ahead.11' 

In  December  1973  Pioneer  10  reached  Jupiter,  followed  a year  later  by 
Pioneer  II.  Their  instruments  revealed  a huge  magnetosphere  reaching  7.6 
million  kilometers  into  space.  Within  the  magnetosphere  were  radiation 
Ixlts  ten  thousand  to  a million  linn's  as  intense*  as  those  of  Karth.  Jupiter's 
magnet osphne  reached  well  beyond  the*  orbits  of  its  four  largest  satellites, 
those  observed  first  by  Galileo  centuries  ago.  The  innermost  satellite,  lo. 
appeared  to  interact  strongly  with  the'  magnctosphetic  radiations.11  But  lo 
pursue  these  fascinating  investigations  am  further  would  go  beyond  the 
sco|x*  of  this  book.11 

Planetology 

The  final  topic  of  this  section  concerns  the  planetary  lx>dies  them- 
selves. While  investigation  of  Faiths  atmosphere,  ionosphere,  and  mag- 
netosphere— and  telated  solar  studies — were  naturally  the  first  areas  of 
research  in  the  space  sc  ience  program,  they  had  only  limited  ap|x*al  to  the 
layman.  As  exciting  as  these  challenge's  were  to  the  researc  hers,  the  average 
jx'rson  could  hardlv  relate  to  himself  the  nuigiu  tohyduxlvnamic  concepts, 
terrestrial  ring  currents,  or  complex  photochemical  reactions  in  the  iono- 
sphere*. But  the*  investigation  of  the  moon  and  planets  was  different.  Here 
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in  pictures  one  could  see  landscape  s and  clouds — often  strange,  to  be  sure, 
but  landscapes  and  clouds  nevertheless.  One  could  envision  spacecraft 
orbiting  a planet  or  landing  on  its  surface  and  could  identify  personally 
with  astronauts  stepping  onto  the  bleak  and  desolate  moon.  As  a conse- 
quence NASA  had  little  difficulty  in  capturing  and  holding  a widespread 
interest  in  this  aspec  t of  the  space  sc  ience  program. 

The  exploration  of  the  moon  and  planets  began  with  the  Soviet  Luna 
flights  in  1959.  From  that  time  on.  every  year  at  least  one  mission  to  the 
moon  or  a planet  was  attempted  by  the  Limed  States  or  the  Soviet  Lilian. 
The  American  assault  on  the  moon  began  with  Pioneers,  followed  by 
Rangers,  then  the  soft-landing  Surveyors.  In  the  summer  of  1966  the  first 
of  five  Lunar  Orbilers  be  gan  the  task  of  mapping  almost  the  entire  surface 
of  the  moon.  Keen  an  Kxplorer  was  injected  into  lunar  orbit  to  study  the 
space  environment  around  the  mexin.  The  climax  was  reached  when  the 
Apollo  missions  began  manned  exploration  of  the  moon  with  the  orbital 
flight  of  Apollo  S in  December  1968  and  the  first  manned  landing  in  July 
1969.  While  A|x>llo  was  in  progress  the  Soviet  Lnion  conducted  a series  of 
sophisticated  unmanned  lunar  missions  that  included  ciscumlunar  flights 
of  Zone!  spacecraft,  which  were  successfully  recovered  with  pictures  they 
had  taken  of  the  moon.  More  advanced  Luna  spacecraft  soft-landed  on  the 
nuxin,  carrying  roving  vehicles  to  investigate  the  lunar  surface  in  situ  and 
radio  the  information  to  Soviet  stations  on  Faith,  and  in  some  cases  to 
send  samples  of  lunar  soil  to  Faith  for  investigation  in  the  laboratory.  The 
success  of  the  Soviet  unmanned  rovers  and  sampling  missions  sparked  an 
intense  debate  between  the  scientists  and  NASA,  many  of  the  sc  ientists  feel- 
ing that  the  unmanned  approach  to  the  study  of  the  moon  was  the  wiser, 
and  by  far  the  more  economical. 

Criticism  was  blunted,  however,  by  the  tremendous  success  of  Apollo. 
The  astronauts  brought  hack  hundreds  of  kilograms  of  lunar  rcxks  and 
soil  from  six  different  locations,  the  analysis  and  study  of  which  quickly 
engaged  the  attention  of  hundreds  of  scientists  throughout  the  Lnited 
States  and  around  the  world.  In  addition  to  collecting  lunar  samples,  the 
astronauts  also  set  up  nuclear- |X>wered  geophysical  laboratories  instru- 
mented with  seismometers,  magnetometers,  plasma  and  pressure  gauges,  in- 
struments to  measure  the  flow  of  heat  from  the  moon  s interior,  and  laser 
corner  reflectors  for  getxletic  measurements  from  Faith.  I*he  geophysical 
stations  o|x*rated  for  many  years  after  the  astronauts  had  left,  radioing  back 
volumes  of  information  on  the  moon  s environment  and  its  seismicity. 
Twice  satellites  were  left  behind  in  lunar  orbit  for  lunar  geodesy  and  to 
make  extended  chemical  analyses  of  the  lunar  surface  material  from  obser- 
vations of  the  short-wavelength  radiations  of  the  mexm. 

The  Lnited  States  claimed  the  first  success  in  planetary  exploration 
when  Mariner  2.  launched  in  the  summer  of  1962.  passctl  by  Venus  the 
following  DecemlxT,  probing  the  clouds,  estimating  planetary  teni|x*ra- 
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lures,  measuring  the  charged  particle  environment  of  the  planet,  and  look- 
ing for  a magnetic  field.35  In  1965  Mariner  4 flew  by  Mars  to  take  21  pic- 
tures, covering  about  one  percent  of  the  planet's  surface.  Then  Mariner  5 
visited  Venus,  this  time  getting  substantially  more  data  on  the  atmosphere, 
including  estimates  of  the  ionosphere.  It  was  back  to  Mars  in  1969  with 
Mariner  6 and  7,  which  returned  some  200  pictures  of  the  surface  along 
with  a variety  of  other  measurements.  Mariner  9 went  into  orbit  around  the 
Red  Planet  in  November  1971  at  a time  when  the  planet  was  almost  com- 
pletely obscured  by  a global  dust  storm.  During  the  next  month  and  a half 
the  spacecraft  monitored  the  clearing  of  the  dust  storm,  which  itself  pro- 
vided much  interesting  information  about  the  planet.  After  that  the  space- 
craft's cameras  were  devoted  to  the  first  complete  mapping  ever  achieved  of 
another  planet — Mariner  9 returned  7329  pictures  of  Mars  and  its  two  satel- 
lites, which  permitted  drawing  up  complete  topographical  maps  showing 
the  true  nature  of  the  markings  that  had  so  long  puzzled  astronomers.36 

During  the  1960s  the  Soviet  Union  had  also  set  its  sights  on  the 
planets.  In  fact,  its  attempts  appreciably  outnumbered  those  of  the  United 
States,  since  the  USSR  seized  virtually  every  favorable  opportunity  to  try  a 
launching.  But  early  Soviet  planetary  endeavors  were  about  as  dismal  as 
America's  early  lunar  tries.  Not  until  a Venera  spacecraft  in  1970  suc- 
ceeded in  penetrating  the  atmosphere  of  Venus,  returning  data  on  the 
composition  and  structure  of  the  atmosphere,  did  fortune  smile  on  these 
planetary  attempts.  In  December  1970  Venera  7 landed  and  returned  data 
from  the  surface  of  Venus;  Venera  8 followed  suit  in  July  1972,  for  50 
minutes  sending  back  surface  data  and  analyses  of  the  soil  of  Venus.  Less 
fortunate,  however,  were  the  two  Soviet  Mars  landers  which,  like  Manner 
9*  also  arrived  at  the  planet  during  the  great  dust  storm  of  1971.  The  storm 
that  prov  ided  the  Mariner  with  an  unexpected  opportunity  to  observe  the 
dynamics  of  the  planet’s  atmosphere  may  have  been  the  cause  of  the  Soviet 
spacecraft’s  failure  to  land  successfully.37 

In  November  1973,  Mariner  10  left  on  a journey  that  would  take  it 
first  by  Venus  and  then  on  to  Mercury,  where  the  spacecraft  arrived  in 
March  1974  taking  pictures  and  making  a variety  of  other  measurements. 
Having  completed  its  first  Mercury  mission.  Manner  10  was  redirected  by 
briefly  firing  its  rockets  so  that  the  spacecraft  would  visit  Mercury  again  in 
September  of  1974.  By  visiting  Mercury  several  times.  Mariner  10  provided 
the  scientists  with  the  equivalent  of  several  planetary  missions  for  little 
more  than  the  price  of  one.38  Also,  with  the  visit  to  Mercury,  scientists  at 
long  last  had  close  looks  at  all  of  the  inner  planets  of  the  solar  system, 
including  the  two  satellit  ^ of  Mars. 

The  result  of  all  these  space  probe  missions  was  the  accumulation  of 
volumes  of  data  on  the  moon  and  near  planets,  illuminated  with  thou- 
sands of  highly  detailed  pictures.  The  photo  resolutions  exceeded  by  orders 
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of  magnitude  what  had  been  possible  through  telescopes.  When  Rangers 
crashed  into  the  moon  the  closeup  pictures  sent  back  just  before  the  impact 
were  a thousandfold  more  detailed  than  the  best  telescopic  pictures  pre- 
viously available  (fig.  47).  After  landing  on  the  surface  with  its  television 
cameras.  Surveyor  afforded  another  thousandfold  increase  in  resolution, 
revealing  the  granular  structure  of  the  lunar  soil  and  a considerable 
amount  of  information  on  the  texture  of  lunar  rocks  (fig.  48).  In  the  labor- 
atory Apollo  samples  put  the  moon’s  surface  under  the  microscope,  as  it 
were  (fig.  49).  As  for  the  planets  no  detail  at  all  had  been  available  before 
on  the  surface  characteristics  of  distant  Mercury  or  clouded  V?nus.  Some 
Mariner  10  pictures  afforded  better  resolution  for  Mercury'  than  Earth- 
based  telescopes  had  previously  given  for  the  moon  (figs.  50-51).  Ultraviolet 
photos  of  Venus  from  passing  spacecraft  show'ed  a great  deal  of  structure 
in  the  atmospheric  circulation  that  was  hitherto  unobservable  (fig.  52), 
while  radar  measurements  from  Earth  penetrated  the  clouds  to  reveal  a 
rough,  cratered  topography.59  For  Mars,  the  indistinct  markings  observable 
from  Earth  were  replaced  with  sufficient  detail  to  show'  craters,  volcanoes, 
rifts,  flow  channels,  apparently  alluvial  deposits,  sand  dunes,  and  structure 
in  the  ice  caps  (figs.  53-60).  Added  to  such  pictures,  data  on  planetary 
radiations  in  the  infrared  and  ultraviolet;  surface  temperatures;  atmos- 
pheric temperatures,  pressures,  and  composition  (when  there  was  an  atmos- 
phere); and  charge  densities  in  the  ionosphere  (when  there  was  an 
ionosphere)— this  wealth  of  information  completely  revitalized  the  field  of 
planetary  studies,  which  had  long  been  quiescent  for  lack  of  new  data.  By 
the  early  1970s  comparative  planetology  was  well  under  way,  although  one 
must  hasten  to  add  that  the  task  ahead  of  understanding  the  origin  and 
evolution  of  the  planets  was  one  of  decades,  not  merely  months  or  years. 

Nevertheless,  progress  was  rapid.  Much  was  learned  about  the  miner- 
alogy and  petrology  of  the  moon,  and  by  extrapolation  probably  about  the 
other  terrestrial  planets.  Radioactive  dating  of  lunar  specimens  led  to  the 
conclusion  that  the  moon  is  probably  some  4.6  billion  years  old,  an  age 
consistent  with  the  ages  of  meteorites  and  the  presumed  age  of  Earth.  The 
moon  was  found  to  be  highly  differentiated;  that  is,  the  lunar  materials, 
through  total  or  partial  melting,  had  separated  into  different  collections  of 
minerals  and  rock  types.  The  maria  were  mainly  basalt,  similar  to  but 
significantly  different  from  the  rocks  of  the  ocean  basins  on  Earth.  In  con- 
trast the  lunar  highlands  were  rich  in  anorthosite,  a rock  consisting  mainly 
of  the  feldspar  calcium  aluminum  silicate.  Both  maria  and  highlands  were 
much  cratered — as  could  already  lx*  seen  from  Earth — and  one  could  ow 
see  that  the  crater  sizes  extended  down  to  the  very  small,  showing  that  the 
moon  had  been  bombarded  by  very  small  particles  as  well  as  by  very  large 
objects.  The  entire  surface  was  covered  with  fine  fragments  and  soil, 
broken  rocks  and  rubble — crustal  material  chopped  up  by  the  cratering 
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process.  A considerable  amount  of  glass  was  fo»  n i,  some  of  it  in  coatings 
splashed  onto  other  rocks*  much  of  it  in  the  •<  ' of  tiny  glass  beads  of  a 
variety  of  colors  dispersed  through  the  soil. 

Reading  ihrough  the  record  imprinted  on  the  lunar  surface  one  could 
bit  by  bit  piece  together  the  course  of  the  moon's  evolution  Contrary  to 
expectations  of  many,  before  the  unmanned  and  manned  space  missions 
showed  differently,  the  present  lunar  surface  was  not  a virginal  record  of 
conditions  that  existed  at  the  time  of  the  moon's  formation.  Instead  one 
could  discern  a continual,  sometimes  violent  process  of  evolution.  Either  at 
the  time  of  formation  or  very  shortly  thereafter  the  moon’s  crust  was 
molten  to  a considerable  depth.  Presumably  during  this  phase  the  differen- 
tiation of  lunar  materials  took  place,  producing  the  light-colored,  feldspar- 
rich  highlands.  After  solidifying  about  4.4  billicn  years  ago,  the  highlands 
were  bombarded  for  hundreds  of  millions  of  years,  probably  by  material 
left  over  from  the  formation  of  the  moon  and  planets.  This  process  pro- 
duced the  cratered  topography  of  the  highlands  still  visible  today.  Be- 
tween 4.  i and  3.9  billion  years  ago  the  bombardment  of  the  moon  became 
cataclysmically  violent,  with  asteroid-sized  meteorites  gouging  out  the 
great  basins,  hundreds  and  even  thousands  of  kilometeis  across  (fig.  61). 
Then,  as  radioactive  dating  of  lunar  materia  - showed,  between  3.8  and  3.1 
billion  years  ago  a ser.s  of  eruptions  of  basaltic  lavas  fillet!  the  basins  to 
form  the  maria,  or  cark  regions  oi  the  moon  clearly  visible  from  Earth.  By 
3 billion  years  ag  > the  violent  evolution  of  the  moon  had  come  to  an  end. 
Cratering  and  “gardening”  of  the  lunar  surface  continued,  but  at  about  the 
rates  observed  today,  most  of  the  impacting  particles  being  mic^ometeor 
and  grain  sized,  occasionally  cobble  sized,  with  the  very  large  impacts 
exceedingly  rare.40 

T he  moon  observed  by  Apollo  instruments  was  very  quiet.  The  lack  of 
any  substantial  organized  magnetic  field  suggested  that  there  was  no  molten 
core,  but  the  presence  of  magnetism  in  lunar  rocks  indicated  that  there 
might  have  been  a core  at  some  time  in  the  p^f — on  the  assumption  that  a 
liquid  iron  tore  was  required  to  generate  t1  .unar  field  that  magnetized 
the  lunar  rocks.  Seismometer  data  showed  thi.  the  moon  was  at  least  partly 
molten  below  800  kin  and  suggested  a small,  possibly  iron,  core  a few 
hundred  km  in  radius.  The  energy  released  by  moonquakes  detected  by  the 
Apollo  seismometers  was  nine  orders  of  magnitude — a billion  times — less 
than  that  released  by  earthquakes  over  a similar  period  of  time,  which, 
however,  seemed  consistent  with  the  relative  sizes  of  Earth  and  moon.  The 
seismic  data  yielded  the  picture  of  a lunar  crust  50  to  60  km  thick,  four 
times  the  average  thickness  of  Earth's  crust,  underlain  by  a mantle  solid  at 
the  top  but  partially  melted  toward  the  bottom  (fig.  62).  The  very  thick 
crust  could  account  for  the  lack  of  any  recent  volcanic  activity.41 

Before  these  investigations  it  was  common  to  think  of  the  moon  as  a 
small  body  and  to  suppose  that  small  bodies  would  remain  cold  and  essen- 
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t tally  unchanged  throughout  their  histories.  Now  it  was  dear  that  bodies 
the  size  of  the  moon,  and  even  smaller  ones,  whether  formed  in  the  molten 
suae  or  melted  after  formation,  undergo  a substantial  evolution.  This  con- 
clusion was  borne  out  further  by  data  from  the  other  planets.  Mercury 
appeared  even  mote  cratered  than  the  moon.  There  was  widespread  evi- 
dence of  lava  flows  on  the  planet.  Large  cracks  and  long  scarps  were  visible 
in  the  \!  inner  JO  pictures.  There  was  no  doubt  that  Mercury  underwent  a 
gTT-t  dr  at  of  evolution  after  its  formation.  ** 

The  evidence  of  activity  on  Mars  was  even  more  striking.  After  a 
period  of  discouragement  for  scientists  when  the  Mariner  4 pictures 
appeared  to  show  a dead,  moonlike  planet,  th-*  pictures  of  Mariner  6 and  7 
revived  interest,  and  those  of  Mariner  9 aroused  excitement.  Those  pictures 
showed  huge  volcanoes,  one  of  them — Olympus  Mom — twice  the  diameter 
of  the  largest  known  volcanic  structure  on  Earth,  namely,  the  big  .stand  of 
Hawaii.  A great  deal  of  the  Martian  surface  was  cratered,  indicating  an 
ordeal  of  bombardment  like  that  experienced  by  the  moon  and  Mercury. 
Some  of  the  surface  was  smooth  and  featureless,  indicating  a process  of 
filling  in  as  with  blowing,  drifting  sands.  A huge  rift,  comparable  in 
length  to  the  width  of  the  United  States,  indicated  considerable  tectonic 
activity  (fig.  56).  Numerous  c hannels  hundreds  of  kilometers  long  looked 
as  though  they  might  have  been  produced  by  flowing  water  (fig.  57).  Con- 
sistent with  this  observation  were  the  frequent  fomva  tic  ms  that  looked  like 
alluvial  fans  produced  bv  the  deltas  of  terrestrial  rivers  or  sedimentary  de- 
posits of  meandering  streams  (fig.  58).  While  the  variable  frost  cover  ob- 
served in  the  north  and  south  polar  taps  was  shown  to  be  solid  carbon 
dioxide,  a substantial  base  of  frozen  water  was  also  found.  Various  esti- 
mates suggested  that  a considerable  amount  of  water  must  have  outgassed 
from  the  planet  over  time,  and  if  past  conditions  on  the  planet  were  just 
right  thete  could  have  been  ponds  and  rivers.  But  the  question  of  the  role 
of  water  in  the  evolution  of  the  planet  remained  unsolved. ** 

It  was  very  dear  that  Mars  is  an  active  planet,  by  no  means  dead,  as 
some  had  prematurely  concluded.  Some  investigators  thought  they  could 
detect  in  the  marked  differences  between  the  cratered  highlands  of  the 
planet  and  the  volcanic  prov  inces  the  suggestion  of  an  incipient  separa- 
tion into  individual  tectonic  plates  as  on  Earth,  a picture  not  generally 
accepted  bv  students  of  Mars.  Paul  Lowman.  however,  was  led  to  conclude 
that  the  evidence  was  piling  up  that  earthlike  planetary  bou.es  would  fol- 
low similar  courses  of  evolution.44  In  the  larger  bodies  like  Earth,  the  rates 
of  evolution  would  be  faster  and  the  duration  longer  than  for  the  smaller 
planets.  Of  the  inner  planets.  Earth,  still  vigorously  active,  was  most 
advanced  in  its  evolutionary  couise  (fig.  6S).  Venus  might  be  in  a compar- 
able stage,  but  no  life  evolved  there  to  convert  the  carbon  dioxide  atmos- 
phere to  one  with  large  amounts  of  ox:gen.  Mars  was  following  the  course 
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Figure  W,  Sand  dunes  on  Mars,  above.  The 

present e ot  sand  and  dust  on  Mars  ;eas 
dmmaiit  ail ; emphasized  in  the  great  dust 
t loud  that  em  e loped  the  planet  as  Manner 
'*  apprtnii  hed.  After  the  t loud  of  dust  had 
settled,  deposit*  of  sand  were  4 doer,  ed  to 
shift  about  from  photos  of  the  same  region 
taken  at  different  tones. 


Figure  */.  The  moon.  The  great 
maria.  like  Mare  Imbnum  in  (he 
upper  hemisphere . were  prob- 
ably gouged  out  huge  meteor - 
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extensile  flows  of  dark  basalt n 
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Figure  t>2.  Structure  of  the  moon. 
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Figure  63.  Crustal  evolution  in  silicate  planets . Evidence  suggests  that  eartklike 
planets  all  follow  similar  courses  of  evolution . Paul  D.  Low  man.  Jr.,  in  Jour- 
nal of  Geofogy  84  (Jan.  1976 Jt  2,  fig.  I;  reproduced  courtesy  of  Dr.  Lawman. 


taken  by  Earth,  but  was  well  behind,  only  now  approaching  the  tectonic 
plate  stage.  The  moon  and  Mercury*  had  long  since  run  the  course  of  their 
evolution,  which  terminated  well  before  a tectonic  plate  stage. 

This  picture,  although  consistent  with  much  of  the  data,  could  hardly 
be  regarded  as  more  than  tentative.  It  would  have  to  pass  the  test  of  further 
observations  and  measurement,  and  stiff  debate.  But  one  satisfying  feature 
was  the  emphasis  the  theory  gave  to  the  kinship  of  the  planets  w ith  each 
other.  As  theorists  had  pointed  out,  if  the  planets  did  form  from  the  mate- 
rial  of  a solar  nebula  left  over  after  the  creation  of  the  sun,  then  their 
individual  characteristics  should  depend  to  a considerable  extent  on  their 
distances  from  the  sun  (fig.  64).  Near  the  sun,  where  the  nebular  material 
would  be  heated  to  rather  high  temperatures  by  the  sun‘s  radiations,  one 
could  expect  to  find  planets  composed  primarily  of  materials  that  condense 
at  high  temperatures,  the  silicates  and  other  rock-forming  minerals.  More- 
over. the  densities  of  the  planets  could  be  estimated  according  to  distance 
from  the  sun  by  considering  what  compounds  were  likely  to  form  at  the 
temperature  to  be  expected  at  Mercury  ’s  distance,  which  at  the  distance  of 
Venus,  which  in  the  vicinity  of  Earth,  etc.  From  what  was  known  of  the 
inner  planets,  they  did  indeed  fit  such  a picture. 

As  the  outer  planets,  one  would  expect  them  to  consist  of  large 
quantities  of  the  lighter  substances — hydrogen,  helium,  ammonia,  meth- 
ane—which  could  condense  out  of  the  solar  cloud  only  at  the  low  tempera- 
tures that  would  exist  so  far  from  the  sun.  Qualitatively,  the  outer  planets 
also  fitted  this  piciure,  but  quantitatively  there  were  discrepancies.  To 
develop  the  true  state  of  affairs  in  proper  perspective,  an  intensive  investi- 
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gat  ton  «l  the  ouiri  planets  wm  called  lor.  and  was  on  the  agenda  lor  the 
1970s  anti  1980s.  The  tin  (Migration  got  oil  loan  editing  start  with  the  visit 
t d Pioneer  10  tt*  Jupiter  in  1978.  It  was  dear  that  an  exciting  period  in 
planetars  exploration  lay  ahead  as  scientists  began  to  amass  data  tan  the 
atmosphrirs,  lonosphttes,  and  magnetospheres  of  these  strange  worlds 
While  these  planets  themselves  would  be  quite  diffirrmt  front  the  terrestrial 
planets,  their  satellites  could  lx*  expected  to  resemble  the  latter  in  many 
wavs.  Moreover,  as  main  persons  pointed  out.  the  satellite  systems  of  Ju- 
piter and  Saturn  might  turn  mu  to  be  very  much  like  miniature  solar  sys- 
tems, panic tilarlv  the  satellites  that  lormed  alotrg  with  the  jxtrrat  planet 
rather  than  being  captured  later.  Supporting  this  view  was  the  early  discov- 
ery from  (he  Pioneer  observations  that  the  lour  regular  satellites  of  Jupiter 
decreased  in  density  with  m«  reaving  distance  from  the  planet,  as  though 
they  had  formed  from  a dotal  of  gas  and  dust  that  was  hotter  near  the 
planet  than  it  was  farther  away.®  The  oppoitunitics  km  important  rest*arcb 
seemed  endless. 

Finally  there  was  the  question  of  extraterrestrial  fife.  Space  research  on 
fundamental  biology  was  early  divided  into  two  areas:  j I } the  study  erf  ter- 
restrial life  forms  under  the  conditions  of  space  and  spaceflight,  and  <21 
exobiology,  live  former  was  discussed  briefly  in  rhapter  1ft.  "Hie  latter 
came  to  mean  the  search  for  extraterrestrial  life  and  its  study  in  comparison 


Figure  64.  Origin  of  solar  system  planets.  The  higher  temperature  matermh,  like 
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with  Earth  life.  Most  scientists  considered  the  chance  of  finding  life  else- 
where in  the  solar  system  to  be  minute,  but  it  was  universally  agreed  that 
the  discovery  of  such  life  would  be  a tremendously  important  event.  Thus, 
while  recognizing  the  unlikelihood  of  finding  extraterrestrial  life,  many 
considered  that  the  potential  implications  offset  the  small  chance  of  find- 
ing any,  and  accordingly  devoted  considerable  time  to  studying  in  the 
laboratory  the  chemical  and  biological  processes  that  seemed  most  likely  to 
have  been  part  of  the  formation  of  life.  They  sought  out  Earth  forms  that 
could  live  under  extremely  harsh  conditions — I ike  arid  deserts,  the  brines 
of  the  Great  Salt  Lake,  or  the  bitter  cold  Antarctic — and  paid  special  atten- 
tion to  them.  And  they  devised  experiments  to  probe  the  Martian  soil  for 
the  kinds  of  life  forms  deemed  most  likely  to  be  there. 

But,  after  a decade  and  a half,  the  problem  of  life  on  other  planets 
remained  open.  No  life  was  found  on  the  moon,  nor  was  there  any  evi- 
dence that  life  had  ever  existed  there.  A careful  search  was  made  for  carbon, 
since  Earth  life  is  carbon-based.  In  lunar  samples  a few  hunched  parts  per 
million  were  found,  but  most  erf  this  carbon  was  brought  in  by  the  solar 
wind.  Of  the  few’  tens  of  parts  per  million  that  were  native  to  the  moon, 
none  appeared  to  derive  from  life  processes.4* 

New  was  any  life  found  on  Mars,  even  though  the  two  Viking  space- 
craft with  their  samplers  and  automated  laboratories  were  set  down  in  1976 
in  areas  w’here  once  there  might  have  been  quite  a bit  of  water.47  Still,  the 
subject  could  hardly  be  called  closed.  If  life  had  been  found,  that  would 
have  settled  the  question.  But  that  life  w’as  not  found  in  two  tiny  spots  on 
Mars  did  not  prove  that  there  was  no  life  on  the  planet.  So,  although  the 
first  attempts  were  disappointing,  it  could  be  assumed  that  future  missions 
to  Mars  would  pursue  the  question  further.  Nor  would  it  be  likely  that 
exobiological  research  would  be  confined  to  the  Red  Planet.  At  the  very 
least,  one  would  expect  that,  as  scientists  studied  the  chemical  evolution  of 
the  planets  and  their  satellites,  they  would  keep  the  question  ol  the  forma- 
tion and  evolution  of  life  in  mind. 

While  the  foregoing  has  touched  upon  but  a few  of  the  results  accru- 
ing from  the  exploration  of  the  solar  system,  still  the  reader  should  be  able 
to  derive  some  insight  into  the  impact  that  space  science  was  having  upon 
the  earth  and  planetary  sciences.  For  one  thing  the  study  of  the  solar  sys- 
tem w’as  revitalized  after  a long  period  of  relative  inactivity.  Second,  lunar 
and  planetary  science  became  an  important  aspect  of  geoscience,  attracting 
large  numbers  of  researchers.  Third,  the  new  perspective  afforded  by  space 
observations  gave  an  immeasurable  boost  to  comparative  planetology,  a 
field  that  made  great  strides  during  its  first  15  years.  Nevertheless,  no  one 
uoubted  that  in  the  mid-1970s  comparative  planetolog'  slits  >ooked 
forward  to  its  most  productive  vears. 

All  f which  leads  to  the  usual  question.  If  space  scitnce  was  having 
such  a profound  impact  on  E rth  and  planetary  sciences,  was  spav* 
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science  producing  a scientific  revolution  in  the  field?  In  the  broad  sense,  no. 
But,  vkwed  strictly  front  within  the  discipline  there  woe  indeed  numerous 
revolutionary  changes.  Much  new  information  was  accumulated,  permit* 
ting  the  theorist  to  deal  in  a realistic  way  with  topics  about  which  one 
could  only  speculate  before.  Many  had  to  relinquish  pet  ideas  about  the 
nature  of  the  lunar  surface  or  the  markings  on  Man.  Proponents  of  a cold 
moon  were  faced  with  incontrovertible  evidence  of  extensive  lunar  melting. 
No  pristine  lunar  surface  was  to  be  found:  instead  a substantial  evolution 
had  marked  the  moon's  fint  one  ami  a half  billion  yean.  Far  from  being 
an  inert  planet,  Man  turned  out  to  be  highly  active.  Of  course,  in  different 
aspects  of  the  subject  many  investigators  had  been  on  the  right  track. 
Noted  astronomers  R.  B.  Baldwin  and  E.  J.  Opik  had  correctly  anticipated 
that  many  of  the  features  of  Mars  were  due  to  craters."  Gerard  Kuiper  had 
been  sure  that  vo  lean  ism  was  important  mi  the  moon,  as  he  explained 
many  times  to  the  author.  Thomas  Gold  had  been  certain  that  the  lunar 
surface  would  contain  a great  deal  of  fine  dust.  Yet.  no  one  had  succeeded 
in  putting  the  separate  pieces  together  in  satisfactory  fashion.  Thus,  the 
most  revolutionary  aspect  of  space  science  contributions  to  the  earth  and 
planetary  sciences  was  probably  in  helping  to  develop  an  integrated  pic- 
ture of  the  moon  and  near  planets.  This  was  an  enormous  expansion  of 
horizons,  an  expansion  that  could  be  expected  to  continue  with  each  new 
planetary  mission. 
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As  space  scientists  were  busily  altering  the  complexion  of  solar  system 
research,  space  methods  were  also  profoundly  affecting  the  investigation  of 
the  universe.  Here  space  science  could  contribute  in  a number  of  ways  to 
solar  physics,  galactic  and  metagalactic  astronomy,  and  cosmology,  includ- 
ing a search  for  gravitational  waves,  observations  to  determine  whether  the 
strength  of  gravity  was  changing  with  time,  and  studies  of  the  nature  of 
relativity.  But  the  contribution  of  space  techniques  to  these  areas  was  qual- 
itatively different  from  those  in  the  planetary  sciences.  Whereas  rockets  and 
spacecraft  could  carry  instruments  and  sometimes  the  observers  themselves 
to  the  moon  and  planets  to  observe  the  phenomena  of  interest  close  at 
hand,  this  was  not  possible  in  astronomy.  The  stars  and  galaxies  would 
remain  as  remote  as  before,  and  even  the  sun  would  continue  to  be  a dis- 
tant object  extremely  difficult  to  approach  even  with  automated  spacecraft 
because  of  the  tremendous  heat  and  destructive  radiation. 

The  connection  between  the  scientist  and  the  objects  of  study  would 
continue  to  be  the  various  radiations  coming  from  the  observed  to  the  ob- 
server. But  rockets  and  satellites  would  increase  the  variety  of  radiations 
that  the  scientist  could  study  by  lifting  telescopes  and  other  instruments 
above  Earth’s  atmosphere,  which  was  transparent  only  in  the  visible  and 
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some  of  the  radio  wavelengths.  This  extension  of  the  observable  spectrum 
proved  to  be  as  fruitful  to  the  prober  of  the  universe  as  were  the  lunar  and 
planetary  probes  to  the  undent  of  the  solar  system. 

As  stated  in  chapter  6.  rocket  astronomy  began  in  1946  when  sounding 
rockets  were  outfitted  with  spectrographs  to  record  the  spectrum  of  the  sun 
in  hitherto  hidden  ultraviolet  wavelengths.  In  1948  x-ray  fluxes  were 
detected  in  the  upper  atmosphere,  after  which  rocket  investigations  of  the 
sun  ranged  over  both  ultraviolet  and  x-ray  wavelengths.  Inevitably  experi- 
menters turned  their  instruments  on  the  skies,  and  when  they  did  various 
ultraviolet  sources  were  found.  In  1956  the  Naval  Research  Laboratory 
group  found  some  celestial  fluxes  that  might  have  beet)  x-rays,  but  the  real 
significance  of  x-rays  for  astronomy  had  to  await  more  sensitive  instru- 
ments that  did  not  become  available  until  the  early  1960s. 

In  the  meantime  sounding  rocket  research  on  the  sun's  radiations 
moved  on  apace.  Investigators  from  a number  of  institutions  continued  to 
amass  detail  on  the  sun’s  spectrum  in  the  near  and  far  ultraviolet,  which 
was  important  in  understanding  the  quiet  sun  and  normal  sun-earth  rela- 
tionships. But  the  real  excitement  proved  to  be  with  the  x-rays.  It  was 
these,  rather  than  the  ultraviolet  wavelengths,  that  came  into  prominence 
with  high  solar  activity.  When  satellites  came  into  being,  they  were  put  to 
use  in  making  long-term,  detailed  measurements  of  the  sun’s  spectrum  in 
all  wavelengths.  On  7 March  1962  the  first  of  NASA’s  Orbiting  Solar  Obser- 
vatories went  into  orbit,  to  be  followed  by  a series  with  steadily  improving 
instrumentation.  The  Naval  Research  Laboratory  built  and  launched  a ser- 
ies of  Solrad  satellites,  intentionally  less  complex  than  the  OSOs,  to  pro- 
vide a continuous  monitoring  of  the  sun  in  key  wavelengths.  But.  while 
satellites  came  into  prominence  in  the  1960s,  sounding  rockets,  some  of 
them  launched  at  times  of  solar  eclipse,  continued  to  yield  important  re- 
sults. In  fact,  some  scientists  felt  that  the  most  significant  work  on  the  sun 
came  from  sounding  rockets  rather  than  from  the  far  more  expensive 
satellites. 

NASA’s  Orbiting  Solar  Observatories  continued  into  the  1970s,  the 
first  one  of  the  decade  being  OSO  7,  launched  on  29  September  1971.  An 
important  event  for  solar  research  was  the  launching  of  Skylab  in  1973.  In 
this  space  laboratory  astronauts  studied  the  sun  intensively  using  a special 
telescope  mount  built  for  the  purpose.  Although  the  high  cost  of  Skylabs 
solar  mission  in  dollars  and  lime  to  prepare  and  conduct  the  experiments 
was  distressing  to  many  of  the  scientists,  nevertheless  the  results  were  ex- 
tremely important  for  solar  physics,  some  of  them  providing  solutions  to 
long  unsolved  problems. 

Sounding  rocket  experiments  were  also  fruitful  in  stellar  astronomy. 
Perhaps  the  most  significant  event  in  rocket  and  satellite  astronomy  oc- 
curred when  American  Science  and  Engineering  experimenters,  with  an 
Aero  bee  rocket  flown  on  12  June  1962,  discovered  the  first  x-ray  sources 
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outside  the  solar  system  to  be  dearly  identified  as  such.  As  will  be  seen 
later,  this  discovery  proved  to  be  erf  profound  significance  to  modem 
astronomy.  During  the  1960s  sounding  rockets  continued  to  search  for  and 
gather  information  on  these  strange  sources,  but  progress  was  slow.  Long- 
term observations  with  more  precise  instruments  were  needed,  a,  need 
NASA  was  much  too  slow  in  supplying.  The  breakthrough  came  with  the 
launching  of  NASA’s  first  Small  Astronomy  Satellite,  Explorer  42,  on  12 
December  1970. 

During  the  1960s  the  course  of  ultraviolet  astronomy  from  satellites 
also  proceeded  slowly.  The  principal  satellite  designed  for  such  studies, 
NASA's  Orbiting  Astronomical  Observatory,  proved  difficult  to  bring  into 
being,  and  it  wasn’t  until  the  end  of  the  decade  that  OAO  2 (7  December 
1968).  the  first  successful  astronomical  observatory,  went  into  orbit.  It  took 
another  four  years  to  get  OAO  3 aloft  (2(  August  1972).  From  OAO  obser- 
vations the  Smithsonian  Astrophvsical  Observatory  compiled  the  first 
complete  ultraviolet  map  of  the  sky,  issuing  the  results  in  the  form  of  a 
catalog  for  use  by  astronomers.**  With  OAO  3,  which  had  been  named 
Copernicus  in  honor  of  that  dauntless  pioneer  in  scientific  thought, 
Princeton  University  experimenters  obtained  a number  of  significant  re- 
sults. They  showed  that,  while  hydrogen  in  the  interstellar  medium  was 
almost  entirely  in  atomic  form,  most  interstellar  clouds  had  an  abundance 
of  neutral  hydrogen  molecules,  the  relative  abundance  being  consistent 
with  a balance  between  the  catalytic  formation  of  H*  on  grains  of  material 
and  the  competing  dissociation  of  the  gas  by  absorption  of  light.  Much  of 
the  galactic  disk  was  found  to  be  occupied  by  a hot  coronal  gas  at  half  a 
million  kelvins,  with  a hydrogen  density  of  one  particle  per  liter.  The 
Princeton  workers  also  observed  that  the  relative  abundance  of  the  different 
chemical  elements  in  the  interstellar  gas  was  what  would  be  expected  if, 
starting  with  a mixture  of  elements  in  the  ratios  found  in  the  overall  cos- 
mic abundance,  the  materials  of  high-condensation  temperatures  had  al- 
ready condensed  out  to  form  small  solid  panicles  or  dust  grains.  Finally, 
flowing  from  most  very  hot  stars  were  stellar  winds  of  some  thousands  of 
kilometers  per  second. 

Other  experiments  were  also  on  the  OAOs,  some  of  them  concerning 
x-rays  and  gamma  rays,  and  the  Orbiting  Astronomical  Observatories  tvere 
clearly  proving  very  fruitful.  Yet  one  could  detect  the  feeling  that  OAO 
was  a bit  out  of  step.  The  satellite  had  been  sufficiently  difficult  to  con- 
struct that  it  had  delayed  satellite  optical  (visible  plus  ultraviolet)  astron- 
omy for  about  a decade,  whereas  a series  of  cheaper,  simpler  satellites  could 
have  kept  research  moving  while  work  on  a larger  instrument  proceeded. 
Also,  now  that  it  had  come,  OAO  was  well  behind  both  existing  telescope 
technology  and  current  needs.  For  most  of  the  problems  of  greatest  concern 
to  the  optiral  astronomers,  a larger  aperture  (2.5  to  3 m),  more  precise 
telescope  was  required.  As  agitation  developed  for  the  construction  of  a 
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Space  Shuttle  it  was  quickly  realized  that  one  of  the  things  that  the  Shut* 
tie  could  do  ideally  was  to  launch  such  an  instrument  into  orbit  ami 
service  it  throughout  the  years.  The  launching  of  such  a telescope  became 
one  of  the  prime  scientific  missions  for  the  Shuttle. 

But  in  the  1970s  the  circumstances  surrounding  astronomy  had 
changed.  Whereas  in  1959  and  1960  the  most  important  tasks  for  satellites 
had  appeared  to  be  in  ultraviolet  astronomy,  in  the  late  1960s  and  early 
1970s  both  ground-based  and  space  research  had  changed  the  picture.  Now 
the  high-energy  end  of  the  spectrum — x-rays  and  gamma  rays— was  the 
center  erf  attention  for  many  astronomers,  particularly  for  the  large  number 
of  physicists  who  had  moved  into  the  field  of  astronomy.  As  a result  a 
ttumbei  of  NASA's  sounding  rockets  and  small  astronomy  satellites  were 
devoted  to  this  area  of  research.  In  addition  the  agency  began  to  plan  for 
outfitting  and  launching  a series  of  muhiton  satellites  for  x-ray  and 
gamma-ray  astronomy— to  be  called  High  Energy  Astronomical  Observa- 
tories. The  importance  of  this  work  in  the  eyes  of  scientists  was  show  n by 
the  fact  that  Britain,  the  Netherlands,  and  the  European  Space  Agency  all 
instrumented  satellites  of  their  own  for  high-energy  astronomy  work. 

The  result  of  all  the  research  with  sounding  rockets  and  satellites  w^as 
an  outpouring  of  data,  not  obtainable  from  the  ground,  at  a time  when 
ground-based  astronomy  was  each  year  turning  up  new,  exciting,  often 
unexplainable  discoveries.  The  quasars  had  extremely  large  red  shifts  in 
their  spectra,  suggesting  that  they  were  among  the  most  remote  of  objects 
observed,  yet  if  they  were  as  remote  as  indicated,  then  they  wmdd  have  to 
be  emitting  energy  at  rales  that  defied  explanation.  Strange  galaxies  ap- 
peared to  have  violent  nuclei,  emitting  unexplainable  uantities  of  energy'. 
The  discovery  of  pulsars  introduced  the  neutron  star  to  the  scene.  Radio 
galaxies  gave  evidence  of  cat  idvsmic  explosions  in  their  centers.  The 
rocket  and  satellite  could  not  have  appeared  at  a more  propitious  time. 

As  w ith  the  exploration  of  the  solar  system,  the  flood  of  new  data  and 
information  was  far  beyond  w hat  could  be  covered  in  a brief  summary  like 
the  present  one.  To  keep  within  bounds,  it  is  necessary  to  illustrate  the 
impact  of  space  science  upon  the  tield  by  means  of  selected  examples.  Two 
will  be  given:  x-ray  astronomy  and  some  of  the  contributions  of  space 
science  to  solar  physics, 

X-r<iy  Astronomy 

Once  stars  ate  bom  the  major  part  of  their  evolution  can  be  followed 
in  the  optical  wavelengths— that  is  the  visible  and  ultraviolet.  For  this 
reason  most  attention  was  directed  at  launching  space  astronomy  in  the 
direction  of  ultraviolet  studies.  Very  little  thought  was  gi^en  to  the  higher 
energy  wavelengths,  although  these  were  proving  to  be  extremely  informa- 
tive about  the  sun,  particularly  about  solar  activity.  But  there  were  a few 
who  thought  that  one  ought  to  look  for  celestial  x-ray  sources.  Perhaps  the 
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most  insistent  was  Bruno  Rossi,  professor  of  physics  at  the  Massachusetts 
Institute  of  Technology.  As  Rossi  later  said,  while  he  had  ma  been  in  a 
position  to  predict  specific  phenomena  like  the  x-ray  sources  that  were 
eventually  discovered,  he  had  had  “a  subconscious  trust  . . in  the  inex- 
haustible wealth  of  nature,  a wealth  that  goes  far  beyond  the  imagination 
of  man.”50  Moreover,  there  was  a very  compelling  reason  to  try  to  look  at  the 
universe  in  the  very  short  wavelengths.  Much  has  been  made  of  the  fact 
that  sounding  rockets  and  satellites  gave  experimenters  their  first  oppor- 
tunity to  look  at  ali  the  wavelengths  that  reached  the  top  of  the  atmos- 
phere. But,  like  the  atmosphere,  interstellar  space  also  had  its  windows  and 
opacities,  and  not  all  wavelengths  emitted  in  the  depths  of  space  could 
reach  the  vicinity  of  Earth.  While  the  interstellar  medium  was  quite  trans- 
parent to  wavelengths  all  the  way  from  radio  waves  through  much  of  the 
near  ultraviolet,  at  and  below  1216  A absorption  by  hydrogen,  the  most 
abundant  gas  in  space,  cut  off  radiations  from  distant  objects.  Farther  into 
the  ultraviolet,  absorption  decreased  again,  rising  once  more  when  the 
absorption  lines  of  helium,  also  abundant  in  space,  were  encountered  in 
the  far  ultraviolet.  Not  until  the  x-ray  region  could  one  again  see  (with 
instruments,  not  with  the  eyes)  deep  into  the  galaxy.  The  existence  of  that 
window  in  the  spectrum  was  an  important  reason  for  sounding  out  the 
possibilities  of  x-ray  astronomy.  One  could  study  the  universe  only  in  the 
wavelengths  that  were  available  for  observation,  and  all  known  windows 
ought  to  be  exploited. 

Rossi  urged  his  ideas  upon  Martin  Annis  and  Riccardo  Giacconi  of 
American  Science  and  Engineering,  who  were  enthusiastically  receptive.5* 
Quick  calculations  showed  that  x-ray  intensities  one  might  expect  from 
galactic  sources  would  be  well  below  the  detection  limit  for  existing  in- 
struments— doubtless  explaining  why  Naval  Research  Laboratory  searches 
for  x-ray  sources  had  not  found  any.  In  1960  NASA  provided  support  to 
Giacconi  and  his  colleagues  and  they  prepared  to  fly  sufficiently  sensitive 
instruments  in  sounding  rochets. 

After  one  failure,  the  group  succeeded  in  getting  an  Aerobic  -ocket  to 
an  altitude  of  230  kilometers,  cn  12  June  1962.  Although  *T  planned 
objective  of  the  flight  was  to  lock  for  solar-induced  x-radiation  from  the 
moon,  that  objective  was  completely  eclipsed  by  the  excitement  of  detect- 
ing an  object  in  the  sky  that  was  apparently  emitting  x-rays  at  a rate  many, 
many  orders  of  magnitude  greater  than  the  sun.  The  sheer  intensity  of  the 
source  gave  one  pause,  and  the  experimenters  spent  a considerable  time 
reviewing  their  results  before  announcing  them  in  late  summer.  In  two 
additional  flights,  October  1962  and  June  1963,  Giacconi’s  group  was  able 
to  confirm  the  original  find:ngs  and  discover  additional  sources,  again  de- 
tecting a strong  isolated  source  near  the  cemu  oi  the  galaxy.52  There  was 
also  a diffuse  isotropic  background  which  one  supposed  could  be  extraga- 
lactic  in  origin. 
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Within  a few  months  of  Giacconi's  original  announcement,  the  Naval 
Research  Laboratory  experimenters  had  confirmed  the  existence  of  these 
sources  by  independent  observations.  In  April  1963  the  NRL  group  made 
an  important  contribution  by  pinpointing  the  source  near  the  galactic  cen- 
ter more  precisely.  Since  it  lay  in  the  constellation  Scorpio,  the  source  was 
named  Sco  X-I.  NRL  also  detected  a somewhat  weaker  source,  about  1 10 
the  strength  of  Sco  X-l,  in  the  general  vicinity  of  the  Crab  Nebula.55  Dur- 
ing the  rest  of  the  decade  additional  sources  were  discovered  until  by  1970 
several  dozen  were  known.  Efforts  were  made  to  discover  just  what  these 
strange  objects  were.  In  particular,  it  was  felt  especially  important  to  iden- 
tify the  sources  with  objects  already  known  in  the  visible  or  radio  wave- 
lengths. The  reason  for  wanting  to  tie  x-ray  sources  in  with  k*iown  objects 
was  quite  simple.  It  seemed  dear  that  the  extremely  intense  x-radiation 
from  these  sources  had  to  be  connected  with  the  basic  energetics  erf  the 
objects.  It  could  be  very  important  then  to  compare  the  x-radiation  with 
that  in  other  wavelengths,  a comparison  that  might  better  reveal  the  true 
nature  of  the  phenomenon. 

As  an  illustration  consider  the  Crab  Nebula.54  It  : > believed  to  be  the 
remnant  of  a supernova  explosion.  The  material  of  the  nebula  consists  of 
the  debris  ejected  by  the  exploding  star  into  the  surrounding  space.  At 
present  this  debris,  which  is  expanding  at  about  1000  kilometers  per 
second,  fills  a roughly  ellipsoidal  volume  with  the  major  diameter  about 
six  light-years — where  a light-year  is  9500  trillion  km.  Radiation  from  the 
Crab  Nebula  was  observed  :o  be  strongly  polarized  across  the  w hole  spec- 
trum, probably  resulting  from  electrons  revolving  about  the  lines  of  force 
of  a magnetic  field.  At  the  densities  that  appeared  to  exist  in  the  cloud,  the 
lower-energy  electrons  that  would  produce  the  radio  wavelengths  observed 
could  last  for  thousands  of  years,  but  those  responsible  for  optical  wave- 
lengths would  be  depleted  in  a few  hundred  years  and  those  producing  the 
x-rays  in  less  than  a year.  Hence  there  had  to  be  a continuous  resupplying 
of  energy  to  maintain  the  observed  radiations. 

This  remained  a mystery  until  the  discovery  of  a pulsar  in  the  Crab. 
The  end  product  of  a supernova  explosion  was  expected  to  be  a very  dense 
neutron  star,  in  which  a mass  comparable  to  that  of  the  sun  would  be 
compressed  into  a ball  about  10  km  in  diameter.  There  were  reasons  to 
belike  that  the  pulsations  from  which  a pulsar  took  its  name  were  gener- 
ated by  the  rapid  spinning  of  the  star.  When  ii  was  noted  that  the  period  of 
the  Crab  pulsar  was  lengthening  at  the  rate  of  about  one  part  in  2000  per 
year,  a possible  source  for  the  resupply  of  energy  to  the  nebula  leapt  to 
mind.  The  slowdown  of  the  neutron  star  s rotation  corresponded  to  a con- 
siderable amount  of  energy . and  calculations  soon  showed  that  the  amount 
was  adequate  to  provide  the  energy  being  released  by  the  nebular  gases. 
G.ie  speculation  had  it  that  the  spinning  magnetic  field  of  the  pulsar 
accelerated  gases  to  relativ  istic  speeds  at  which  they  could  escape  from  the 


BfcYOND  Tilt  ATMOSPHERE 


star's  magnetosphere  into  the  nebula,  carrying  their  newly  acquired  energy 
with  them. 

This  example  illustrates  the  importance  of  being  able  to  observe  ami 
visualize  the  object  that  was  radiating  the  x-rays.  As  a consequence  there 
was  a continuing  effort  to  identify  the  other  x-ray  sources  with  known 
objects.  But,  except  for  Sco  X-l,  the  efforts  were  unsuccessful.  As  for  Sco 
X-l,  in  an  experiment  in  March  1966,  Giacconi  s gtoup  showed  that  the 
angular  size  of  the  source  could  not  exceed  20  arcseconds.  The  new  posi- 
tional data  were  communicated  to  workers  at  the  Tokyo  Observatory  and 
at  Mt.  Wilson  and  Palomar  Observatories.  On  17-18  June  1966  the  Tokyo 
observers  found  a blue  star  of  13th  magnitude,  which  further  study  identi- 
fied with  the  x-ray  source.  This  result  confirmed  that  stars  existed  that 
emitted  1000  times  as  much  power  in  x-rays  as  in  the  visible  wavelengths. 
As  Giacconi  wTote:  "Sco  X-l  was  a type  of  stellar  object  radically  different 
from  any  previously  known  an/  .vhose  existence  had  not  and  could  not  be 
foreseen  on  the  basis  erf  observations  in  the  visible  and  radio.’*35 

But  that  was  as  far  as  one  appeared  able  to  go  with  the  sounding 
rockets.  Longer-term  observations  with  very  sensitive  detectors  were  re- 
quired to  advance  the  field  further.  These  were  supplied  by  Explorer  42. 
Launched  from  an  Italian  platform  in  the  Indian  Ocean  off  the  coast  of 
Kenya  on  12  December  1970  Kenyan  Independence  Day,  die  satellite  was  at 
once  named  l huru , the  Swahili  word  for  independence.  Chum  provided 
•he  breakthrough  astronomers  were  looking  for.  When  issued  sometime 
afterward,  the  l huru  catalog  listed  161  x-ray  sources.  It  was  clear  that  the 
strongest  sources  had  to  have  x-ray  luminosities  at  least  1000  times  the 
luminosity  of  the  sun.  Even  the  weakest  x-ray  source  was  20  times  more 
intense  than  the  meter-band  radiation  from  the  strongest  radio  source. 
Thirty-four  sources  had  been  identified  w ith  know  n objects.  Of  the  sources 
known  to  lie  within  the  galaxy,  one  was  at  the  galactic  center,  seven  were 
supernova  remnants,  and  six  were  binary  stars.  Outside  the  galaxy  were 
sour,  es  associated  with  ordinary  galaxies,  giant  radio  galaxies.  Seyfert  gal- 
axies galactic  clusters,  and  quasars.  And  much  of  the  diffuse  background 
x-radiation  had  been  shown  to  come  from  outside  the  local  galaxy.36 

One  of  the  most  exciting  results  from  x-ray  astronomy  came  from  the 
realization  that  some  at  least  of  the  sources  were  binary  stars — two  stars 
revolving  around  each  other  (fig.  65) — in  which  one  of  the  companions 
was  a verv  cbmse  star,  either  ( 1 ) a white  dwarf,  a mass  comparable  to  that  of 
the  sun  compressed  into  a sphere  about  the  size  of  Earth:  or  (2)  a neutron 
star,  of  mass  exceeding  l A solar  masses,  compressed  into  a ball  about  10  km 
in  radius:  or  (3)  a black  hole  in  space.  A w hite  dwarf  is  the  end  product  of 
a star  about  the  size  of  the  sun.  after  it  has  used  up  its  nuclear  fuel  and  can 
no  longer  avoid  collapsing  under  gravity  to  a planetary  size.  The  neutron 
^*ar  in  the  end  prcxlmt  of  a massive  star  that,  after  burning  up  its  nuclear 
fuel,  undergoes  a violent  implosion  caused  by  gravity,  following  which  a 
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Figure  f>y  Binary  x-ray  star.  Material  from  the  turner,  much  less  dense  companion  is  drawn  toward  the  extremely  dense  smaller 
companion  and  accelerated  to  velocities  sufficient  to  produce  x-rays  by  collision  with  the  ambient  gases. 
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great  deal  of  the  star's  material  rebounds  (mm  the  implosion  to  be  blown 
out  in  a supernova  explosion,  leaving  behind  n extremely  dense  object 
consisting  of  neutrons.  But  if  the  residual  mass  tfter  the  supernova  explo- 
sion is  greater  than  a certain  critical  value,  the  gravitational  contraction  of 
the  star  does  not  stop  even  at  the  neutron  star  stage.  Instead  the  star  con- 
tinues to  contract  indefinitely,  pulling  the  matter  tighter  and  tighter  to- 
gether until  the  object  disappears  into  a deep  gravitational  well  out  of 
whic  h neither  matter  nor  electromagnetic  radiation  can  escape  because  of 
the  intense'  gravitational  fields  there.  Heine  the  name  "black  hole.” 

The  binary  nature  of  some  of  the  x-ray  objects  could  be  deduced  from 
the  doppler  shifts  in  the  light  from  the  ordinary  companion,  the  shift 
being  toward  the  blue  as  the  star  moved  toward  the  observer  in  its  orbit, 
ami  toward  the  red  as  the  Mar  moved  awav.  If  the  stars  eclipsed  each  other 
the  binary  nature  would  show  up  in  a periodical  disappearance  of  the 
x-ravs  when  the  emitter  was  hidden  by  ;he  otb«!  star  and  reappearance 
when  the  emitter  emerged  from  eclipse. 

After  careful  studs  astronomers  finally  concluded  that  the  x-rtvs  were 
generates!  hv  material  from  the  ordinary  companion's  being  pulled  into  the 
gravitational  well  of  the  degenerate  scat.  If  the  gravitational  attraction  were 
sufficiently  strong,  then  the  gas  would  be*  accelerated  to  sue  h velocities  that 
the  gas  would  emit  x-rays  as  jxmicles  collided.  It  seemed  that  white  dwarfs 
would  not  provide  sufficient  gravity  to  accomplish  this,  so  one  was  left 
with  the  conclusion  that  the  degenerate  companion  in  binary  x-ray  sources 
was  either  a neutron  star  or  a black  hole  in  spacr.  In  most  cases  it  appeared 
that  the  coni|Mnion  was  a neutron  star,  hut  the  sourer  Cvg  X-l,  in  the 
constellation  C a gnus,  could  be  a black  hole.  If  so.  it  was  the  first  such 
objec  t »o  be  detec  ted  in  the  universe. 

The  |M>ssibility  that  a black  bole  had  at  iast  hern  discovered  empha- 
sized the  fundamental  importance  to  astronomy  of  the  new  field  of  x-ray 
and  gamma-iav  astronomy,  (•radualh  scientists  had  begun  to  talk  about 
their  woik  as  /ng/i-riirr gv  astronomy,  not  only  because  they  were  working 
at  the  high-etierg\  end  of  the  wavelength  s|>ectrtim.  but  more  significantly 
because  their  observations  were  showing  ih.it  throughout  the  universe1  ex- 
tremely violent  events  were  rather  common,  involving  enormous  quantities 
of  energy  and  tremendous  rates  of  energy  production.  And  among  these 
enetgetic  events  were  those*  occurring  during  the  last  stage's  of  a star  s evo- 
lution. stage's  in  whic  h neutron  stars  and  blac  k holes  were  created,  with 
intense'  x-rav  emissions.  Speculating  on  the  philosophical  implications, 
(d.htoni  showed  excitement: 

I’he  existence  of  .1  blak  hole  in  die  X-rav  hi  run  Cvg  X-l  has  profound 
implications  foi  all  of  .isiionoim.  Once  one  such  object  is  shown  to  exist, 
then  this  immediately  raises  the  possibilitv  that  many  more  may  hr  present 
in  .ill  kinds  of  differ*  nt  asiiophvsu.il  settings  Sufiei -massive  black  hole's  may 
exist  at  the  crntei  of  active  galaxies  . . and  explain  the  verv  large  energy 
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emission  from  objects  such  as  quasars.  Small  Mack  holes  of  masses  [very 
much  smaller  than  the  mass  of  the  sun]  may  have  been  created  at  the  instant 
of  the  primeval  explosion.  ...  In  black  holes  matter  has  returned  to  condi- 
tion similar  to  the  primordial  state  from  which  the  Universe  was  created. 
The  potential  scientific  and  intellectual  returns  from  this  research  are  clearly 
staggering.** 

Should  one  then  conclude  that  rocket  and  satellite  astronomy  had  by 
the  early  1970s  generated  a scientific  revolution  in  the  field  of  astronomy? 
The  answer  may  well  be  ves,  although  many  of  the  strange  concepts  that 
were  being  dealt  with  had  been  considered  decades  before.5*  In  any  event,  it 
is  probably  too  early  to  make  the  case.  Certainly  these  topics,  concerning 
the  interplay  of  energy  and  matter  on  a cosmological  scale,  are  fundamen- 
tal; and  if  anywhere  in  the  space  program  one  might  expect  a scientific 
revolution  to  emerge,  it  would  be  here.  But  it  should  also  be  noted  that  if 
any  such  revolution  is  to  arise,  it  would  almost  certainly  come  from  a 
cooperation  between  ground-based  and  space  astronomy. 

Solar  Physics 

The  sun  was  a most  important  target  of  space  science  investigations  for 
at  least  two  reasons.  First,  the  sun's  radiation  supports  life  on  Earth  and 
controls  the  behavior  of  the  atmosphere.  For  meteorology  it  was  important 
to  know  the  sun's  spectrum  in  the  visible,  infrared,  and  near-ultraviolet 
wavelengths.  To  understand  the  various  physical  processes  occurring  in 
the  upper  atmosphere,  a detailed  knowledge  of  the  solar  spectrum  in  the 
ultraviolet  and  x-ray  wavelengths  was  essential.  The  reader  will  recall  the 
overriding  importance  that  S.  K.  Mitra,  in  his  1947  assessment  of  major 
upper-atmospheric  problems,  gave  to  learning  about  the  electromagnetic 
radiations  from  the  sun  <pp.  39-60).  For  this  reason  many  sounding  rocket 
experimenters  devoted  much  of  their  time  to  photographing  and  analyzing 
the  solar  spectrum  both  within  and  beyond  the  atmosphere.  Some  of  their 
work  before  the  creation  of  NASA  was  discussed  in  chapter  6.  Finally,  with 
the  dis<overv  of  the  magnetosphere  and  the  solar  wind  the  importance  of 
the  particle  radiations  from  the  sun  for  sun-earth  relationships  became 
apparent,  a topic  that  was  treated  in  chapter  1 1.  Thus,  solar  physics  was  of 
central  importance  in  the  exploration  of  the  solar  system. 

But  the  sun  was  important  also  to  astronomy,  to  the  investigation  of 
the  universe.  Although  an  average  star,  unspectacular  in  comparison  with 
many  of  the  strange  objects  that  astronomers  were  uncovering  in  their 
probing  of  the  cosmos,  nevertheless  it  is  a star,  and  it  is  close  bv.  The  next 
star,  Proxima  Centauri.  is  4,3  light-years  (400  trillion  kilometers)  away, 
while  most  of  the  stars  in  the  galaxy  are  many  tens  of  thousands  of  light- 
years  distant.  Stars  in  other  galaxies  are  millions  and  even  billions  of  light- 
years  from  earth.  So  the  sun  afforded  the  only  opportunity  for  scientists  to 
study  stellar  physics  with  a model  that  could  be  observed  in  great  detail. 
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Because  of  its  nearness  and  its  importance,  astronomers  amassed  a 
great  deal  of  data  and  theory  about  the  sun  in  the  years  before  rockets  and 
satellites.66  What  they  learned  came  almost  entirely  from  observations  in 
the  visible,  with  only  occasional  glimpses  from  mountain  tops  and  bal- 
loons at  the  shorter  wavelengths.  But,  as  space  observations  showed,  much 
of  solar  activity,  particularly  that  associated  with  the  sunspot  cycle,  solai 
flares,  and  the  corona  involved  the  short  wavelengths  in  essential  ways. 
Sounding  rocket  and  satellite  measurements  were,  accordingly,  able  to 
round  out  the  picture  in  important  ways. 

To  understand  the  significance  of  these  contributions,  a brief  summary 
of  the  principal  features  of  the  sun  may  lie  helpful.61  The  visible  disk  of  the 
sun  is  called  the  photosphere  (fig.  66).  It  is  a very  thin  layer  of  one  to 
several  hundred  kilometers  thickness,  from  which  comes  most  of  the  radia- 
tion one  secs  on  Earth.  The  effective  temperature  of  the  solar  disk  is  about 
5800  K.  Above  the  photosphere  lies  what  may  be  called  the  solar  atmos- 
phere: below  it.  the  solar  interior. 

The  sun’s  energy  is  generated  in  the  interior,  from  the  nuclear  burning 
of  hydrogen  to  form  helium  in  a central  tore  of  about  one-fourth  the  solar 
radius  and  one-half  the  solar  mass.  Here,  at  temperatures  of  !5  X 106  K, 
some  99  percent  of  the  sun  s radiated  energy  is  released.  This  energy  dif- 
fuses outward  from  the  core,  colliding  repeatedly  with  the  hydrogen  and 
helium  of  the  sun,  being  absorbed  and  rcemitted  many  times  before  reach- 
ing the  surface.  In  this  process  the  individual  photon  energies  continually 
decrease,  changing  the  radiation  from  gamma  rays  to  x-rays  to  ultraviolet 
light  and  finally  to  visible  light  as  it  emerges  from  the  sun’s  surface. 

From  the  c ore  of  the  sun  to  near  the  surface,  energy  is  thus  transported 
mainly  by  radiation.  But  towaul  the  surface,  between  roughly  0.8  and  0.9 
of  the  solar  radius,  convection  becomes  the  principal  mode  of  transporting 
energy  toward  the  surface.  The  existence  of  the  convection  /one  is  evi- 
denced by  the  mottled  apjx'aiance  of  the  photosphere  in  high-resolution 
photographs.  This  mottling,  or  granulation  as  it  is  called,  consists  of  cells 
of  about  1800-km  diameter  which  last  about  10  minutes  on  the  average*  and 
which  are  thought  to  lx*  associated  with  turbulent  convert  ion  just  beneath 
the  photosphere.  A larger  scale  system  of  surface  motion — 20  times  the  si/e 
of  the  granulation  cells,  called  supergranulation — is  Ix  lieved  to  lx*  much 
more  deeply  rcxited  in  the  convec  tion  /one. 

Analogous  to  Earth’s  iipjx'i  atmosphere  is  the  t hromosplwre.  oi  up;xT 
atmosphere,  of  the  sun.  The  chromosphere  overlies  the  photosphere  and  is 
about  2500  km  thick.  While  the  density  drop  ac  ross  the  photosphere  is  less 
than  an  order  of  magnitude,  density  in  the  chromosphere  decreases  by  four 
orders  of  magnitude  from  the  top  of  the  photosphere  to  the  top  of  the 
chromosphere. 

Not  long  ago  photospheric  and  chromospheric  temperatures  were  ex- 
tremely puzzling  to  astronomers,  dropping  from  ulxnit  66(X)  K at  the  base 
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of  the  photosphere  to  around  4300  at  the  base  of  the  chromosphere,  and 
then  rising  through  the  chromosphere,  at  first  slowly  but  then  very  steeply 
to  between  500000  and  1 000000  K at  the  top.  This  temperature  curve  posed 
a problem,  for  it  was  assumed  that  the  corona  derived  its  heat  from  the 
chromosphere,  yet  that  would  imply  that  heat  was  flowing  from  a colder 
region  to  a hotter  one,  contrary  to  the  laws  of  thermodynamics.  As  late  as 
1972  Leo  Goldberg,  director  of  Kitt  Peak  National  Observatory,  pointed  to 
this  phenomenon  as  "the  most  important  unsolved  mystery  surrounding 
the  quiet  sun."62 

Above  the  chromosphere  lies  the  corona,  the  sun’s  exosphere.  Here 
1000000  K temperatures  prevail,  and  an  important  problem  facing  the 
solar  physicist  was  to  explain  how  the  corona  gets  its  energy  . Although  the 
corona  is  extremely  hot  and  very  active,  its  density  is  so  very  low*  that  it  is 
not  normally  visible  from  the  ground,  where  it  is  completely  obscured  by 
scattered  sunlight  in  the  earth  s atmosphere.  Only  during  solar  eclipses, 
with  the  moon  blocking  out  the  sun’s  disk,  could  the  astronomer  get  a 
good  look  at  the  entire  corona.  One  of  the  benefits  of  rockets  and  satellites 
was  to  permit  carry  ing  coronagraphs  above  the  light-scattering  atmosphere 
where  the  corona  could  be  seen  even  in  the  absence  of  a solar  eclipse. 

Much  of  solar  physics  concerns  the  interplay  among  the  different 
regions  of  the  sun.  This  interplay,  however,  can  be  followed  only  in  terms 
of  its  effect  upon  the  radiations  emitted  from  those  regions.  For  this  reason, 
one  of  the  first  tasks  of  the  astronomer  was  to  obtain  good  spectra  of  the 
sun  and  their  variation  with  time.  Regions  from  which  radiations  of 
highly  ioni/ed  atoms  came  would  be  hot  regions,  and  temperatures  could 
be  estimated.  The  magnetic  field  intensities,  for  example  in  sunspots,  could 
be  estimated  from  the  splitting  of  lines  emitted  within  the  field.  If  a cooici 
gas  overlay  a holier,  similar  gas.  the  cooler  gas  would  absorb  some  of  the 
light  emitted  by  the  hotter  one.  This  would  produce  reversals  in  the  emis- 
sion lines  of  the  hotter  gas.  generating  the  famous  Fraunhofer  lines  of  the 
solar  spectrum  discovered  in  the  19th  century.  By  piecing  together  informa- 
tion of  this  kind,  the  locations  of  different  gases  relative  to  each  other  and 
their  temperatures  could  be  determined.  Changes  in  magnetic  field  that 
occurred  in  association  wilh  solar  activity,  such  as  the  appearance  of  solar 
flares,  could  be  followed.  Changes  were  important,  since  there  were  strong 
indications  that  magnetic  fields  were  the  source  of  much  of  the  energy  in 
solar  flares. 

These1  techniques  were,  of  course,  applicable  in  the  visible  w avelengths 
and  were  employed  to  the  fullest  by  the  ground-based  astronomer.  The 
space  astronomer  simply  provided  an  additional  handle  on  things  by  fur- 
nishing spectral  data  in  the  ultraviolet  and  x-ray  wavelengths.  And  these 
data  began  to  accumulate  from  the  very  earliest  sounding  rocket  flights. 
Year  hv  year,  flight  by  flight,  they  were  added  to  until  by  the  end  of  the 
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decade  the  solar  spectrum  was  known  in  great  detail  from  visible  through 
the  ultraviolet  wavelengths  and  into  the  x-rays.65 

A powerful  technique  for  study  of  the  sun  is  that  of  imaging  the  sun  in 
a single  line;  for  example,  the  red  line  emitted  by  hydrogen  known  as 
hydrogen  alpha.  In  such  spectroheliograms,  as  they'  are  called,  one  can  see 
the  structure  and  activity  of  the  sun  associated  with  that  line.  Spectrohelio- 
grams taken  in  hydrogen,  calcium,  and  other  lines  in  the  visible  have  long 
been  an  effective  tool  for  the  study  of  solar  activity.  Members  of  the  Naval 
Research  Laboratory  group  pioneered  the  use  of  this  technique  in  space 
astronomy,  where  it  was  possible  to  get  spectroheliograms  in  both  the  ultra- 
violet and  x-rays.64  These,  taken  with  photographs  in  the  visible,  gave  a 
powerful  means  of  discerning  and  analyzing  active  regions  on  the  sun. 
Sequences  of  such  images  taken  over  many  days,  or  at  intervals  of  27  days, 
the  solar  rotation  period,  permitted  one  to  follow'  the  evolution  of  flares  and 
other  features  on  the  sun.  It  was  in  this  sort  of  imaging  that  Skylab  was 
particularly  fruitful. 

During  the  decade  and  a half  that  was  climaxed  by  the  Skylab  solar 
observations,  solar  physics  progressed  rapidly,  advanced  by  a combination 
of  ground-based  and  space  astronomy.  In  the  shorter  wavelengths  the  sun 
was  found  to  be  extremely  patchy  (fig.  67).  a patchiness  that  extended  into 
the  visible  wavelengths  as  well.65  The  sequence  of  events  in  a solar  flare 
could  be  followed  in  wavelengths  all  the  way  from  x-rays  through  the  ultra- 
violet and  visible  into  the  radio-wave  region,  and  related  to  motions  of 
electrons  and  protons  associated  with  the  flare.66  Contrary  to  previous 
expectations  fostered  by  ground-based  pictures  during  solar  eclipses,  the 
corona  turned  out  to  be  not  even  nearly  homogeneous.  X-ray  images  of  the 
corona  especially  showed  a great  deal  of  structure  (fig.  67).  Quite  surpris- 
ing were  large-scale  dark  regions  of  the  corona — which  came  to  be  called 
dark  holes — and  hundreds  of  coronal  bright  spots.  The  holes  appeared  to 
be  devoid  of  hot  matter  and  to  be  associated  w ith  diverging  magnetic  field 
lines  of  a single  polarity.  If  the  magnetic  field  lines  were  open,  these  holes 
could  be  a source  of  particles  in  the  solar  w ind.67 

The  bright  spots  were  observed  ter  be  uniformly  distributed  over  the 
solar  disk.  They  were  typically  about  20000  km  in  diameter,  and  of  a 
temperature  about  1.6  * 106  K.  1'hey  appeared  to  be  magnetically  confined, 
and  one  speculated  that  they  might  be  an  important  link  in  the  explana- 
tion of  the  sun’s  magnetic  field.68 

The  interlocking  features  of  the  lover  solar  atmosphere  and  the  corona 
visible  in  satellite  images  of  the  sun  provided  hints  as  to  how  the  sun 
might  heat  the  corona  to  the  extreme  temperatures  that  were  observed. 
Gravity  waves  and  acoustical  waves  might  carry  energy  upward  from  the 
convec  tive  regions  below  the  photosphere  into  the  corona.  This  explana- 
tion would  remove  the  mystery  of  the  steep  temperature  curve  in  the 


Figure  67.  Coronal  strut  tore  of  the  sun,  A - rax  pictures  of  the  sun  show  a great  deal 
of  strut  tore  in  the  solar  corona,  including  dark  coronal  hole > and  hundreds  of 
intense  bright  spots.  The  v*mv  photo  above  was  taken  In  the  Sky  la  h .1  polio  te  le- 
st ope  mount  28  Mas  m an  American  Science  and  Engineering,  ltu\,  expert- 
merit , XI  SI  photo.  See  also  (huseppe  I 'man  a and  Wallace  Tinker  m X*ra\ 
Astronomy,  ed.  H . iUaaom  and  It  (hmk\  (Dordrecht A lolland:  D.  Retdel  Pub- 
lishing Cak,  1974 L pfh  m~7L  Ug~  1/a  and  1/ie 


chromosphere.  It  would  tun  Im  the  chromosphere  that  was  healing  the 
corona  in  violation  of  the  laws  of  rhermc*tynami<s  On  ihe  unman.  the 
corona,  heated  by  energy  from  within  the  sun.  would  itself  lx*  \ .rating  the 
top  of  the  t Inomospherr. 

I lie  importance  of  rocket  and  satellite  solar  astronomy  fax  m the  inte- 
grated attack  that  the  researc  her  could  now  make  m se  eking  to  understand 
the  nearest  star,  an  integrated  attack  made  jxwsible  by  opening  up  the 
window  that  the  earth's  atmosphere  had  so  long  kept  shut.  It  was  an 
importance  attested  to  by  the*  large  numbers  of  solar  physicists  who  bent  to 
the  task  of  assimilating  the  new  wealth  of  data. 
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By  the  end  of  the  1960s  the  early  years  of  space  science  were  well 
behind.  More  than  a do/en  disciplines  and  subdisciplines  had  found 
sounding  rockets  and  spacecraft  to  be  powerful  tools  for  scientific  research. 
Thousands  of  investigators  turned  to  these  tools  to  help  solve  important 
problems.  Moreover,  while  the  disciplines  to  which  the  new  tools  couk! 
contribute  were  many  and  varied,  there  was  a clearly  discernible  melding 
of  groups  of  disciplines  into  two  major  fields:  the  exploration  of  the  solar 
system  and  the  investigation  of  the  universe.  The  pursuit  of  these  two 
main  objectives  would  grow-  in  intensity  as  space  science  moved  into  the 
1970s— in  spite  of  fears  prevalent  in  the  late  1960s  that  support  for  space 
science  was  waning.  The  new  decade  w'ould  w itness  the  scientific  missions 
of  Apollo  to  the  moon,  the  remarkable  solar  astronomy  from  Skylab, 
breakthroughs  in  x-ray  astronomy,  and  the  serious  start  of  a survey  of  all 
the  important  bodies  of  the  solar  system.  It  was  eminently  clear  that  space 
scientists  would  be  important  clients  of  the  Space  Shuttle,  w'hich  was  in- 
tended to  introduce  a new'  era  in  space  activities.  Because  of  their  accom- 
plishments, the  scientists  could  legitimately  ask  that  the  Shuttle  be  tailored 
as  much  to  their  requirements  as  to  other  space  needs. 
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Future  Course 


Nature  that  framed  us  of  four  elements , 
Warring  within  our  breasts  for  regiment , 

Doth  teach  us  all  to  have  aspiring  minds: 

Our  soulsf  whose  faculties  can  comprehend 
The  wondrous  Architecture  of  the  world: 

And  measure  ei’ery  wandering  planet's  course . 
Still  climbing  after  knowledge  infinite . . . . 

Christopher  Marlowe , Conquests  of  Tamburlaine 

So  many  worlds , so  much  to  do * 

No  little  done , $i«7i  things  to  be . 

Alfred , Lorrf  Tennyson , In  Memoriam 
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As  the  peak  of  labor  on  Apollo  passed,  following  the  middle  of  the 
decade,  and  as  NASA  completed  more  and  more  of  the  prefects  undertaken 
in  the  first  years  of  the  agency,  the  question  of  NASA's  future  course 
assumed  a growing  importance  in  the  r.iinds  of  N ASA  managers.  For  a 
decade  the  quest  for  world  leadership  in  space  had  helped  to  sustain 
NASA's  program.  But  success  brought  a particular  erosion  of  that  support. 
For.  when  it  became  clear  that  the  (United  States  was  at  the  very  least  fully 
competitive  with  the  USSR,  and  more  likely  was  well  ahead  of  them  in 
space  research  and  engineering,  the  initial  motivation  dwindled.  There 
began  a reassessment  of  NASA’s  mission,  particularly  by*  the  executive  side 
of  government.  Corning  at  a time  of  national  reassessment  of  priorities,  of 
concern  about  civil  rights  and  student  unrest,  of  disenchantment  with  the 
Vietnam  War.  and  a shaky  economic  sir  m non.  the  reassessment  was  bound 
to  affect  die  agency 

To  many  who  had  a say  about  NASA's  budget — especially  in  the  Nixon 
administration,  but  actually  well  before  then — the  precise  nature  and  im- 
portance of  NASA's  mission  were  not  at  all  < lear.  The  strongest  challenges 
to  NASA's  role  came  in  space  applications,  where  by  law  other  agencies 
had  the  prime  respomibi lilies.  Meteorological  and  oceanographic  applica- 
tions .iow  came  under  the  National  Oceanic  and  Atmospheric  Administra- 
tion. which  had  absorbed  the  former  Weather  Bureau  and  much  of  the 
Navy's  oceanographic  activities  along  with  a number  of  other  responsibili- 
ties.1 In  omimunications  other  agencies  called  the  shots:  for  national  pol- 
icy. the  Office  of  Telecommunications  in  the  White  House:  for  commercial 
uses,  the  Federal  Communications  Commission,  the  Communications 
Satellite  Coqioration,  and  private  industry*;  for  regulation,  the  Federal 
Communications  Commission:  for  applications  to  education  and  health, 
the  Department  of  Health,  Education,  and  Welfare;  and  for  use  in 
commercial  shipping,  the  Maritime  Commission.*  The  primary  mission 
in  agriculture  and  forestry — which  satellite  observations  premised  to  aid 
substantially— belonged  to  the  Department  of  Agriculture.  Any  use  of 
satellites  for  the  exploration  and  survey  erf  mineral  resources  fell  squarely 
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into  the  legally  assigned  mission  of  the  lT.S.  Geological  Survey  of  the 
Department  of  the  Interior.  As  a consequence  any  payoff  from  space  in- 
vestments that  NASA  might  seek  to  realize  in  space  application?  would 
have  to  be  sold  in  the  form  of  a sew  ice  to  another  agency  within  whose 
purview  the  specific  application  fell. 

Fvm  aeronautics — the  primary  activity  of  the  former  National  Advi- 
sory C-ommittee  for  Aerona  atics.  which  formed  the  nucleus  for  NASA,  and 
an  activity  that  remained  a strong  component  of  the  NASA  program — 
belonged  primarily  to  others:  namely,  the  Deparunem  of  Defense,  the  Fed- 
eral Aviation  Administration,  and  industry  . 

Only  three  areas  could  NASA  claim  as  its  own:  the  development  of 
space  techniques  and  hardware:  space  exploration;  and  space  sc  ience.  But 
in  the  difficult  climate  existing  10-15  years  after  the  stan  of  the  space  pro- 
gram. even  these  had  a hard  row*  to  hoe.  For  example,  to  assign  all  devel- 
opment of  space  techniques  and  hardware  to  NASA  (excepting,  of  course, 
the  substantial  amount  the  military  did)  ran  counter  to  the  widely  held 
view  that  a user  should  develop  his  own  hardware  to  meet  a specifically 
perceived  need.  There  are  many  virtues  to  this  point  of  view.  Certainly  a 
prospective  user  would  be  motivated  to  tailor  his  research  and  development 
;o  the  actual  need  and  to  he  properly  attentive  to  keeping  costs  dowo.  Also, 
the  actual  user  could  be  assumed  to  know  best  exactly  what  was  required 
for  hi»  application.  But  the  large-scale,  highly  specialized,  very  expensive 
test  and  launching  equipment  and  the  large  teams  that  were  required  for 
space  development  and  operations  argued  for  assigning  the  research,  devel- 
opment. and  operations  to  a single  agency.  For  each  user  to  duplicate  the 
personnel  and  facilities  would  be  extremely  wasteful.  There  were  accord- 
ingly strong  pressures  on  NASA  to  assume  a largely  sere  ice  role  in  support 
of  the  mam  users  interested  in  applying  space  methods  to  tlteir  missions. 
The  form  in  this  direction  outweighed  the  natural  desires  of  the  different 
agencies  so  prov  ide  their  own  sen  ices,  and  in  the  balance  between  the  two 
conflicting  pressures  NASA  maintained  an  uncertain  hold  on  a role  in  the 
field  of  space  applications. 

In  a period  of  retrenchment  NASA  found  that  role  particularly  diffi- 
cult. NASA  was  expected  to  perform  the  necessary  advanced  research  for 
prospective  applications.  But  in  the  late  1960s  it  was  difficult  to  get  admin- 
istration approval  for  such  advanced  research  in  spite  of  vigorous  urging 
from  many  congressional  quarters  for  NASA  to  do  more  abdications  work. 
Before  starting  any  new  applications  pro  ccts.  the  Office  of  Matiagitnent 
ami  Budget  wanted  from  potential  users  not  merely  pious  words  in  sup- 
port. hut  assurances  that  there  were  genuine  plans  to  use  the  new  methods, 
not  merely  as  a supplement  to  old  methods  hut  actually  as  a more  efficient 
replacemt  nt  for  some  of  them.  Potential  users  might  underwrite  specific 
and  clearly  realizable  applications,  but  were  usually  v.tv  reluctant  to  sup- 
jrort  the  advanced  engineering  and  development  needed  to  establish  the 
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feasibility  of  potential  applications.  Under  the  circumstances  the  adminis- 
tration was  even  less  ready  to  approve  the  advanced  work.  This  was  partic- 
ularly true  when  the  development,  as  with  earth-resources  surveys  from 
«paee,  was  likely  to  introduce  large  new  expenditures  into  the  national 
budget. 

The  second  NASA  mission,  space  exploration — by  which  was  meant 
exploration  of  the  moon  and  planets  by  men — also  was  very  difficult  to 
support  during  those  later  years.  Having  proved  our  mettle  by  being  the 
first  to  explore  the  moon,  it  was  not  perceived  as  necessary  to  prove  our- 
selves further,  a;  least  for  the  time  being,  by  going  on  to  the  planets.  Nor 
was  the  case  f or  permanent  earth-orbiting  space  stations  regarded  at  the 
time  as  persuasive.  Manned  flight  in  the  Space  Shuttle  and  Spaceiab — 
which  in  the  early  1970s  gained  somewhat  grudging  support  (see  pp. 
389-91 ) — was  seen  as  enough,  and  to  some  more  than  enough,  for  the  time 
being. 

There  remained,  then,  the  third  NASA  mission,  space  science.  Even 
here  the  situation  was  not  clear,  since  one  could  apply  to  science  the  same 
argument  that  was  being  applied  to  the  applications  areas.  The  primary 
mission  in  science  had  long  since  belonged  to  another  agency,  the  National 
Science  Foundation.®  But  few’  seemed  to  wish  to  press  this  argument,  since 
the  existence  of  a space  science  program  in  NASA  served  to  funnel  large 
amounts  of  money  into  science  without  those  dollars  having  to  compete 
with  the  funds  available  through  the  Science  Foundation.  The  highly 
specialized  character  of  the  tools  of  space  research,  plus  the  mental  anguish 
that  would  arise  if  space  snence  budgets  had  to  compete  with  other  science 
budgets,  together  with  NASA’s  practice  of  providing  substantial  support  to 
science  in  the  universities,  appear  to  have  led  the  nation’s  science  commun- 
ity to  agree  that  space  science  was  properly  NASA’s.  Both  the  administra- 
tion and  Congress  went  along. 

The  searching  scrutiny  of  NASA’s  role  that  took  place  in  the  late  1960s 
and  early  1970s,  painful  at  times  to  those  in  the  agency,  in  the  end  proved 
salutary  . Out  of  the  probing  emerged  an  acceptance  of  a continuing  role 
for  the  agency  in  which  science,  applications,  and  exploration  would  all 
play  a part.  Freed  at  last  from  an  uneasy  dependence  on  a passing  sense  of 
urgency  over  the  nation’s  technological  strength  relative  to  that  of  the 
USSR.  NASA’s  position  in  the  1970s  could  be  intrinsically  stronger.  Dur- 
ing the  1960s  the  fundamental  contribution  that  space  could  make  to  a 
long  list  of  important  practical  applications  had  become  plain,  and  there 
could  be  no  question  but  that  these  applications  would  be  developed  in  the 
course  of  time.  Not  spurred  on  by  the  need  to  compete  with  the  Soviet 
Union,  the  pace  might  be  slower,  but  it  would  lx*  more  assured.  And,  like 
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ib  predecessor  National  Advisory  CkHninittee  for  Aeronautics,  NASA  would 
have  a sizable  role  in  providing  important  sen  ices  to  other  agencies. 

Likewise  the  breadth  of  space  science,  already  apparent  in  the  year 
following  Sputnik,  was  abundantly  dear,  and  its  importance  to  the  con- 
tinuing  development  of  the  country's  technological  strength  recognized. 
Again,  the  pace  would  certainly  be  measured,  the  smaller  projects  favored, 
the  larger  projects  thoroughly  scrutinized  before  being  accepted,  and  ex- 
tremely large  and  costly  projects  avoided.  But  within  those  limits  it  would 
be  possible  to  pc.  nigh-precision  astronomical  telescopes  in  orbit  and  to 
explore  the  farthest  reaches  of  the  solar  sy  tern. 

Space  exploration,  too.  could  be  expected  to  continue,  but  at  a vers 
much  reduced  pace.  While  the  planets  might  continue  to  beckon,  astro- 
nauts would  have  to  await  the  orderly  development  of  the  means  and  a 
still-to-be-awakened  national  desire  to  explore  beyond  the  moon  Meantime, 
NASA’s  major  attention  in  the  field  of  manned  spaceflight  would  be  to 
create  the  Space  Shuttle  and  its  accompanying  equipment  and  fac  ilities. 
The  Space  Shuttle  would  make  flight  into  space  easier,  more  routine,  and 
more  economical.  Its  versatility  anti  affordability  would  make  the  Shuttle 
the  key  to  the  future  of  America  in  space.  Because  the  Shuttle  would 
replace  a great  many  of  the  previously  used,  expendable  launch  vehicles, 
and  because  the  Shuttle  would  fundamentally  change  the  complexion  of 
space  o|wrations.  the  1970s  became  a decade  of  transition  for  NASA  and 
those  engaged  in  space  research  and  development. 


Ft  ANN 

In  the  first  years  after  Sputnik,  when  the  space  program  objective's  were 
clear — or  at  least  thought  to  be*  clear — planning  was  relatively  straight- 
foiward.  Administrator  Glemtan  had  a small  planning  group  in  head- 
quarters under  Homer  J.  Stewart,  who  earlier  had  chaired  the  Defense 
Department  committee  that  had  chosen  the  Navy’s  Vanguard  (or  the  Inter- 
national Geophysical  Year  satellite  program.  In  December  1939  Glennan's 
planning  group  turned  out  a secret  document  entitled  “NASA  Long  Range 
Plan."  a confidential  version  of  which  was  called  the  “NASA  Ten  Year 
Plan."1  These  early  documents  were  directed  more  at  estimating  what  ad- 
vancing technology  might  permit  in  the  distant  future — a decade  or  more 
away — than  at  establishing  a true  plan.  To  create  a valid  plan  in  the  usual 
sense,  a firmer  tie  would  have  to  be*  made  with  the  current  program  and  its 
prospective  evolution  into  the  immediate  future. 

Like  most  such  products  of  centralized  planning,  these  dixunienis 
aroused  the  criticism  of  the  program  divisions  and  the  centers,  which  felt 
that  the  projections  did  not  do  justice  to  their  own  recommendations.  But 
the  papers  served  to  focus  the  attention  of  the  agency  on  what  was  lx  ing 
thought  about  at  the  top,  and  central  planning  continued,  later  with  (lie 
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aid  of  John  Hagen,  radio  astronomer  who  had  directed  Vanguard  at  the 
Naval  Research  Laboratory,  and  Abraham  Hyatt,  pioneering  propulsion 
engineer. 

Space  science  documents  described  in  chapter  8 provided  one  source  of 
material  for  the  centtal  plan.4  But  scientists  were  by  nature  opposed  to 
long-range  plans.  Many  felt  that  NASA's  planning  did  violence  to  the  way 
in  which  scientists  worked.  It  was  repeatedly  pointed  out  that  what  might 
now  be  considered  a very  important  project  for  10  years  later  could  lose  its 
importance  in  the  light  of  discoveries  made  in  the  interim.  NASA  manag- 
ers found  it  difficult  to  get  scientists  to  think  seriously  about  scientific 
plans  on  .he  scale  of  10  or  more  years  ahead. 

Instead,  the  scientists  preferred  to  indicate  broad  areas  of  research  that 
were  likely  to  be  im|x>rtant  in  distant  years  and  to  identify  specific  projects 
only  for  the  immediate  future.  To  accommodate  the  need  of  the  agency  for 
long-range  planning  while  new  pressing  the  scientists  to  be  more  specific  in 
the  long  term  than  they  felt  they  could  legitimately  be,  space  science 
planners  evolved  a style  that  differed  from  that  in  other  areas  in  the  agency. 
Instead  of  ialieling  their  documents  as  specific  long-range  plans,  they  began 
to  use*  such  phrases  as  long-range  planning  or  long-range  thinking  in 
titling  the  papers.*  Bv  the  fall  of  I9b0  the  space  science  office  had  settled 
into  a routine  of  periodically  issuing  dcxutnenis  with  titles  suggesting  a 
planning  process  rather  than  a firm  plan.6  In  September  19b?,  the  author 
addressed  a memorandum  to  the  Space  Sciences  Steering  Committee,  its 
subcommittees,  and  space  science  division  directors  describing  the  long- 
range  and  short-range  planning  prexess  to  be  followed  for  space  science 
and  specifying  pie  xed  tires  for  keeping  the  planning  timely.7  An  important 
tool  of  this  planning  prexess  was  the  "Space  Science  Prospectus which 
was  updated  a least  once  a year.8 

Described  as  a source  dexument  for  space  science  planners,  the  pro- 
sjxrtus  contained  a large  number  of  |*>ssible  projects  or  sc  ientific  investiga- 
tions that  ap|x*atvd  sufficiently  important  to  consider  including  in  the 
program.  The  prospectus,  however,  contained  many  more  projects  titan 
could  lx*  undertaken  with  the  ex|x*cted  budgets.  Nevertheless,  to  make  the 
piosjxims  much  more  than  just  a list  of  |x>temially  desirable  projects — a 
mere  * wish  list*’  as  some  put  it — the  projects  set  forth  in  the  prosjxxtus 
were  studied  and  analyzed  to  determine  costs.  man|xmcT.  schedules,  launch 
vehicles,  facilities,  and  supjrorting  services  that  would  be  needed  to  carry 
them  out. 

Kach  year  when  the  budget  was  prepared  the  prospectus  was  chuwn 
ujxm  for  projects  to  pm  into  the  budget  request.  In  the  prexess,  projects 
most  likely  to  Ik*  candidates  for  the  next  year's  budget  were  also  identified. 
In  this  wa\  (lie  prosper  ttv  while  not  a plan,  became  an  important  element 
in  the  space  science  planning  prexess.  Moreover,  it  furnished  a mechanism 
for  the*  scientists  to  engage  in  the*  long-range  thinking  of  the  agency  with- 
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out  doing  too  much  violence  to  their  natural  reluctance  to  specify  too  far 
ahead. 

NASA  Administrator  James  Webb  did  not  object  to  the  Office  of  Space 
Science  and  Applications*  use  of  the  prospectus.  But  he  was  not  in  favor  of 
publishing  *ong-range  plans,  in  spite  of  constant  congressional  pressure  to 
get  them.  Webb  preferred  to  reveal  the  agency’s  course  year  by  year  in  the 
annual  budget  proposals.  As  he  stated  it.  in  putting  out  the  current  year's 
proposals  one  gears  up  to  do  battle  for  them.  In  the  defense  of  the  budget 
one  has  the  immediate  assistance  of  those  ready  to  support  the  program. 
But  publishing  a plan  that  goes  much  beyond  the  current  year  invites 
adversaries  to  shoot  the  agency  down  at  their  leisure.  Friends  and  suppor- 
ters aren’t  prepared  to  come  forward  to  defend  the  agency  in  w hat  must  for 
the  moment  seem  largely  an  academic  exercise.  Meantime,  enemies  will 
seize  upon  different  aspects  of  the  plan — often  out  of  context — to  challenge 
and  embarrass  the  agency. 

Not  being  a true  plan,  the  space  science  prospectus  did  not  afford 
detractors  the  kind  of  leverage  that  a fixed  plan  would  have.  As  a conse- 
quence Webb  permitted  the  document  to  be  updated  and  issued  each  year, 
although  he  periodically  called  attention  to  the  dangers  of  being  too  spe- 
cific too  early. 

When  the  author  became  associate  administrator,  the  various  program 
offices  had  become  accustomed  to  developing  their  own  plans  w ithout  too 
much  consideration  of  the  planning  of  the  other  offices  Webb  asked  that 
an  agency-wide  planning  activity  be  developed.  Working  with  the  Plan- 
ning Steering  Group  created  for  the  purpose,  the  author  intended  to  create 
a NASA  prospectus  much  along  the  model  of  that  used  in  space  sciences.  It 
was  estimated  that  perhaps  as  much  as  five  years  would  be  required  to  do 
this:  but  before  getting  beyond  the  initial  stages  administrations  changed, 
and  the  Republicans  calk'd  for  a specific  space  plan.  Moreover,  Thomas 
Paine,  who  took  over  from  Webb,  favored  publishing  specific  plans  and 
was  willing  to  stand  up  and  fight  to  defend  them.  Paine’s  view  was  that 
leaving  options  open  for  the  future  was  simply  an  indication  of  not  having 
thought  through  those  options,  l-nder  Paine,  and  later  under  the  fourth 
administrator,  James  C.  Fletcher.  NASA  began  again  to  develop  and  pub- 
lish long-range  plans  for  the  agency  and  to  use  them  in  preparing  short- 
range  plans  and  budget  proposals.  Paine’s  plans  turned  out  to  be  too 
sweeping  and  expensive  to  receive  administration  support,  while  Fletcher’s 
more  modest,  almost  constant-dollar-lcve!  plans  did  gain  Nixon’s  backing 
and  helped  to  launch  NASA  on  the  Space  Shuttle  development  program. 

Brix.tts 

To  the  scientists  in  space  program  management,  nothing  could  be 
duller  than  an  endless  round  of  budgets,  appropriations,  obligations,  cost 
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accruals,  and  expenditures.  Hence  it  came  as  something  of  a surprise  when 
one  of  the  author’s  colleagues  on  the  financial  side  of  things  began  to 
commiserate  that  the  fates  had  tricked  so  many  people  into  the  boring, 
impersonal,  uninspiring  field  of  science,  when  by  a more  happy  stroke  of 
fortune  they  might  have  been  led  into  the  vital,  intensely  hitman,  and  real 
world  of  budget  and  finance! 

The  phrase  “real  world  of  budget  and  finance”  struck  a responsive 
chord,  for  clearly  the  resources  made  available  to  NASA  determined  what 
the  agency  could  do.  Moreover,  those  who  did  deal  full  time  with  the 
budgets  and  expenses  of  the  agency  were  undoubtedly  the  most  completely 
informed  as  to  what  NASA  was  doing,  at  least  in  a general  sense,  and 
probably  had  as  gcxxl  an  idea  as  anyone  as  to  how  all  the  parts  fitted 
together  into  a total  program.  Through  a detailed  analysis  of  the  agency's 
budget  rt quests,  appropriations,  and  expenditures  the  historian  can  get  a 
comprehensive  picture  of  what  NASA  was  up  to.  and  at  the  very  least  can 
put  together  a complete  framework  around  which  to  weave  the  very  human 
story  of  the  nation's  venture  into  space.  Although  such  an  analysis  is 
beyond  the  author's  interests  and  powers  of  endurance,  a few’  general  observa- 
tions are  in  order. 

As  it  was.  the  fates  that  had  led  scientists  into  NASA  Headquarters  had 
provided  amply  tor  their  participation  in  the  “real  world  of  budget  and 
finance.”  Work  with  budgets  never  ceased.  It  was  an  essential  part  of  con- 
verting plans  into  reality.  In  the  spring,  even  as  the  defense  before  Con- 
gress of  the  current  budget  request  was  getting  under  way.  the  agency 
would  begin  exchanges  w ith  the  Bureau  of  the  Budget — which  became  the 
Office  of  Management  and  Budget  under  Nixon — as  to  the  likely  accepta- 
ble level  of  the  next  budget  request,  for  the  period  beginning  some  16 
months  later.  Throughout  the  spring  and  summer  the  detail  of  this  ex- 
change would  grow  until  by  tall  the  bureau  would  have  in  its  hands  \ 
complete  budget  proposal.  The  pioposal.  of  course,  had  grown  out  of  the 
program,  planning  that  went  on  continually  in  the  agency.  During  the  fall 
and  winter,  the  final  budget  proposal  would  lx*  developed  in  sometimes 
heated  discussion,  often  with  many  compromises,  between  NASA  and  the 
administration.  In  late  January,  as  part  of  the  now  enormous  national 
budget,  the  space  program  request  would  lx  sent  to  the  Congress  for  review, 
authorization,  and  appropriation.9 

In  the  midst  of  this  prexess.  hearings  on  the  previous  budget  request 
had  been  going  on,  and  in  the  summer  or  autumn  Congress  had  author- 
ized new  obligations  for  the  program  and  had  appropriated  funds.  Thus, 
throughout  the  year  NASA  managers  worked  intimately  with  three  sepa- 
rate budgets:  (1)  conducting  the  current  year's  program  corresponding  to 
the  recently  authorized  budget,  {2)  defending  a budge  t request  for  the  next 
fiscal  vear,  and  (.1)  preparing  still  another  budget  request  for  the  fiscal  year 
after  that.  Such  activities  kept  the  scientists- turned- managers  away  from 
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the  science  they  would  have  preferred  to  do;  but.  along  with  planning  and 
formulating  a program,  budgeting  was  an  essential  element  of  the  head- 
quarters management  job. 

The  business  of  gaining  the  necessary  budgets  involved  a great  deal  oi 
salesmanship  and  political  savvy.  An  important  part  of  the  work  of  NASA’s 
top  management  was  to  develop  and  preserve  a climate  in  which  the  lower 
echelons  could  sell  their  wares.  Much  of  this  responsibility  fell  directly  on 
the  administrator,  w hose  relations  with  the  president  and  other  administra- 
tion officials,  and  w ith  leaders  in  the  Congress,  had  a determining  influ- 
ence on  how  successful  the  agency  wotdd  be. 

James  Webb  used  to  emphasize  that  the  way  to  sell  a program  was  to 
get  the  support  of  the  president.  Having  that,  all  the  rest  moved  along  in 
more  or  less  orderly  fashion — unless,  of  course,  the  agency  found  itself  in 
the  middle  in  one  of  the  classic  confrontations  between  the  legislative  and 
^ xet  utive  forces  such  as  did  occur  during  the  I9ti0s  when  the  Congress  tried 
to  recapture  some  of  the  initiative  that  seemed  to  have  passed  to  the  White 
House.  In  the  course'  of  NASA’s  history  the  complexion  of  presidential 
backing  varied  widely.  President  Eisenhower,  a lukewarm  supporter  of  the 
sjxue  program,  wished  to  keep  it  at  a relatively  modest  level.  His  choice  for 
first  administrator,  T.  Keith  Gleunun.  kept  a tight  rein  on  the  new  ly  evolv- 
ing program.  President  Kennedy  gave  strong  supj*>rt.  particularly  after  he 
had  personally  promised  the  Apollo  program  to  Congress,  t’nder  Kennedy. 
NASA’s  program  and  expenditures  grew  rapidly  toward  the  peak  of  $b 
billion  a >ear  dating  Lyndon  Johnson’s  administration.10  As  one  of  the 
architects  of  the  National  Aeronautics  and  Sjxtce  Act  of  1958,  Johnson 
brought  with  him  to  the  vice  presidency  and  later  to  the  presidency  a built- 
in  commitment  to  a vigorous  national  space  effort.  This  commitment 
lasted  throughout  his  incumbenn  in  the  Oval  Office,  although  in  the  last 
year  the  turmoil  and  emotional  toll  of  the  times  had  begun  to  weaken  his 
original  enthusiasm,  and  to  Webb  the  president  s hac  king  of  the  space 
program  seemed  at  times  to  become  indifferent.  President  Nixon  had  no 
binding  intellectual  commitment  to  space,  or  at  any  rate  none  not  easily 
overridden  by  political  expediency — even  though  he  had  been  one  of  the 
first  to  endorse  the  early  efforts  to  establish  a national  space  program. 
Nixon  enjoyed  and  too k political  advantage  of  each  Apollo  mission  and 
other  space  successes,  and  shrewdly  considered  the  jiolitical  impac  t of  any 
major  sjxice  program  presented  for  h*s  approval  and  backing. 

The  different  flavors  of  presidential  attitude  toward  the  sjxtce  program 
were  felt  in  the  discussions  that  NASA  went  through  each  year  w ith  the 
Bureau  of  the  Budget  or  the  Office  of  Management  and  Budget.  In  the 
early  yca*s  a reasonably  well -planned  budget  secured  fairly  ready  acceptance 
in  the  administration.  Major  issues  sparked  by  the  country’s  sudden  precip- 
itation into  this  new  arena  included  the  question  of  how  soon  the  Tinted 
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States  could  close  the  launch  vehicle  gap  with  the  Soviet  Union  and  the 
relative  roles  of  the  NASA  and  militai y space  programs. 

Congress,  of  course,  had  the  final  say  as  to  how  much  money  would  be 
authorized  and  appropriated  for  NASA.  In  those  first  years  NASA  had  lirtle 
trouble  in  getting  its  budgets  passed.  In  fact,  throughout  the  years  Con- 
gress consistently  gave  strong  backing  to  the  space  program  even  when,  in 
later  years,  paring  down  parts  of  the  budget. 

In  the  period  immediately  following  launch  of  the  first  Sputnik, 
committee  members  would  listen  with  rapt  attention  and  undisguised 
enthusiasm  to  description  of  plans  and  accomplishments — and  then  give 
NASA  pretty  much  what  it  asked  for.  It  was  a learning  period  for  the 
legislators  as  much  as  it  was  for  NASA.  As  experience  and  understanding 
grew,  lawmakers*  questions  became  more  pointed  and  penetrating,  and  no 
longer  was  there  an  inclination  to  accept  a budget  simply  on  the  grounds 
that  NASA  said  it  was  required-  But  while  increasingly  critical,  the  Con- 
gress remained  basically  supportive  throughout  the  years. 

NASA  budgets  for  1958  (fiscal  1959)  through  1976  are  given  in  table  8 
and  figure  68.  A comparison  of  the  total  space  budget  with  the  part  as- 
signed to  research  and  development  for  space  science  appears  in  table  9. 
For  the  sake  of  comparison,  budgets  for  space  activities  in  the  Department 
of  Defense  and  other  agencies  are  included  in  table  8.n 

The  simplified  numbers  and  graphs  cannot  give  a true  picture  of  the 
agency’s  funding  structure.  For  example,  a good  amount  of  space  science 
was  supported  with  funds  in  the  manned  spaceflight  budget,  since  the 
exploration  of  the  moon  necessarily  included  a great  deal  of  scientific 
investigation.  Likewise,  much  advanced  research  and  technology  was  im- 
portant to  space  science  and  could  properly  be  charged  to  that  activity  if 
one  chose  to  do  so.  But,  with  these  limitations  in  mind,  it  is  still  possible 
to  derive  some  valid  impressions  about  the  support  that  space  science 
received  through  the  years. 

First,  while  never  a major  part  of  NASA’s  total  budget,  space  science 
funding  was  nevertheless  an  appreciable  part  of  the  total,  at  times  account- 
ing for  as  much  as  20%.  Actually,  as  Webb  continually  pointed  out.  invid- 
ious comparisons  of  absolute  or  relative  numbers  did  not  make  sense*,  be- 
cause, while  manned  spaceflight  did  indeed  enjoy  much  greater  funding  than 
did  spate  science — as  the  scientific  community  repeatedly  complained — 
that  did  not  imply  a lack  of  suitable  support  for  science.  The  Gemini  and 
Apollo  projec  ts  simply  cost  more  money,  and  if  the  nation  was  going  to 
have  a manned  spaceflight  program,  it  had  to  pay  the  necessary  costs.  The 
proper  question  to  ask  was  not  whether  manned  spaceflight  was  getting 
more  money  than  s|xtce  science,  but  whether  space  science  was  getting  the 
funding  it  needed.  Webb  would  add  that  even  if  the  scientists  should  man- 
age to  get  the  manned  spaceflight  program  canceled — as  Abelson  and  others 
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(18-year  budget  summary— budget  authority  in  millions  of  dollars) 


Fiscal 

Year 

NASA 

Total  Space* 

Department 
of  Defense 

ERDA 

Com- 

merce 

Interior 

Agri- 

culture 

NSF 

1‘otal 

Space 

1959  

305.1 

235.4 

489.5 

34.3... 

759.2 

I9b0  

523.6 

461.5 

590.6 

43,3... 

OT 

1065.6 

1961  

964.0 

926.0 

813.9 

67.7... 

6 

1808.2 

1962  

1824.9 

>796.8 

1298.2 

147.8 

b 0.7 

1.3 

3294.8 

1963  

3675.0 

3626.0 

1 549,9 

213.9 

43.2... 

1.5 

5434.5 

1964  

5099.7 

5046.3 

1599.3 

210.0 

2.8... 

3.0 

6861.4 

1965  

5249.7 

5167.6 

1573.9 

228.6 

12.2... 

3.2 

6985.5 

1966  

5174.9 

5094.5 

1688.8 

186.8 

26.5 . . . 

3.2 

6999.8 

1967  

4967.6 

4862.2 

1663.6 

183.6 

29.3... 

2.8 

6741.5 

1968  

4588.8 

4452.5 

1921.8 

145.1 

28.1 

0.2 

0.5 

3.2 

6551.4 

1969  

3990.9 

3822.0 

2013.0 

118.0 

20.0 

0.2 

0.7 

1.9 

5975.8 

1970  

3745.8 

3547.0 

1678.4 

102.8 

8.0 

IT 

0.8 

2.4 

5340.5 

1971  

3311.2 

3101.3 

1512.3 

94.8 

27.4 

1.9 

0.8 

2.4 

4740.9 

1972  

3306.6 

3071.0 

1407.0 

55.2 

31.3 

5.8 

1.6 

2.8 

4574.7 

1973  

3106.2 

3093.2 

1623.0 

54.2 

39.7 

10.3 

1.9 

2.6 

4824.8 

1974  

3036.9 

2758.5 

1766.0 

41.7 

60.2 

9.0 

3.1 

1.8 

4640.3 

1975  

3229.1 

2915.3 

1892.4 

29.6 

64.4 

8.3 

2.3 

2.0 

4914.3 

1976  

3550.3 

3226.9 

1983.3 

23.3 

71.5 

10.4 

3.6 

2.4 

5321.4 

SOI  RCK  Aeronautics  and  Space  Heport  of  the  President,  1976  Activities  (Washington:  NASA,  1977),  p.  107. 

•Excludes  amounts  Iot  an  transportation.  [May  not  add,  because  of  rounding] 
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Table  9 

NASA  Budget— Space  Sciences  Research  and  Development 
(millions  of  dollais) 


Fiscal  Year 

Total  Space 
Budget  Authority 

Space  Sciences 
Research  and 
Development  Portion* 

1963  and  before 

7045.7 

1349.2 

1964 

5046.3 

6173 

1965 

5167.6 

621.6 

1966 

50943 

6649 

1967 

4862.2 

511.9 

1968 

44523 

452.6 

1969 

3822.0 

3563 

1970 

3547.0 

396.7 

1971 

31013 

398.7 

1972 

3071.0 

5523 

1973 

3093.2 

678.2 

1974 

27583 

602.0 

•Space  science  was  also  assigned  additional  funding  for  constriction  of  facilities*  research  and  program 
management,  ;md  administrative  operations 


would  have  liked12 — the  monies  would  not  be  reassigned  to  the  science 
program,  which  would  continue  to  have  to  justify  its  budget  on  its  own 
merits. 

Certainly  the  funding  available  to  space  science  was  enough  to  pay  for 
a great  deal  of  scientific  research.  The  tens  and  hundreds  of  millions  of 
dollars  |xt  year  available  in  NASA’s  appropriations  for  science  were  a far 
cry  from  the  one  or  two  millions  per  year  with  which  the  Rocket  and 
Satellite  Panel  had  to  make  do.  In  fact,  the  amount  of  money  going  into 
space  science  was  so  large  in  comjxirison  with  other  science  budgets — for 
example,  NASA’s  funding  of  space  astronomy  equaled  or  sometimes  ex- 
ceeded the  National  Science  Foundation’s  entire  budget  for  ground-based 
astronomy — that  many  scientists  were  greatly  concerned.  But  space  scien- 
tists, spurred  on  by  the  grow  ing  number  of  exciting  problems  that  the  field 
had  to  offer,  did  not  hesitate  to  complain  about  not  getting  their  fair  share 
of  the  space  budget. 

When  the  Apollo  program  was  introduced,  the  upward  slope  of  the 
space  science  budget  lessened  appreciably.  This  point  was  not  missed  by 
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(he  scientists  who  felt  that  the  rapid  rate  of  increase  in  the  space  science 
budget  would  have  continued  had  not  the  Apollo  program  imposed  its 
great  demands,  lire  point  could  not  be  proved — and  in  fact  there  were 
those  who  thought  that  the  NASA  budget,  including  that  for  space  science, 
would  soon  have  leveled  off  had  it  not  been  for  the  sustaining  influence  of 
the  manned  spaceflight  program.  Both  Webb  and  the  Apollo  people  were 
convinced  that  the  Apollo  budget  helped  to  keep  the  other  budgets  up. 
With  this  in  mind,  as  an  aid  to  justifying  budget  requests,  the  practice 
developed  of  dividing  NASA’s  total  request  into  three  parts:  Apollo  and 
relates  manned  spaceflight  work;  other  programs  that  supported  Apollo, 
such  as  unmanned  lunar  exploration,  studies  of  the  space  environment, 
and  solar  physics;  and  the  remaining  NASA  program. 

For  the  scientists,  especially  those  who  were  opposed  to  the  Apollo 
program,  this  practice  of  justifying  a substantial  part  of  the  space  science 
program  on  the  basis  of  what  it  could  do  for  Apollo  was  anathema.  In 
their  view  space  science,  like  space  applications,  was  one  of  the  intrinsi- 
cally valuable  components  of  the  space  program,  justifiable  on  its  own 
merits.  Moreover,  during  the  long  period  of  preparation  for  the  manned 
lunar  missions,  most  of  the  substantive  achievements  of  NASA  came  from 
the  applications  and  space  science  programs,  not  from  manned  spaceflight.13 
But  for  NASA  management  it  was  a matter  of  practical  politics,  of  recogniz- 
ing the  realities  of  life:  better  to  assign  science  to  a service  role  and  get  the 
money  to  carry  it  out  than  to  risk  a loss  in  total  funding  just  to  keep  the 
science  pure. 

The  scientists  had  a stronger  reason  for  complaint  when  programs 
were  actually  cut  short  for  lack  of  sufficient  funding.  The  lunar  projects 
Ranger,  Surveyor,  and  Lunar  Orbiter,  all  terminated  just  as  they  were 
getting  into  full  swing,  were  cases  in  point.14  So  was  the  cancellation  of  the 
Advanced  Orbiting  Solar  Observatory,  which  caused  ainrost  a hundred 
solar  physicists  to  petition  NASA  for  better  support.15  But  as  Administrator 
James  Webb  and  Associate  Administrator  Robert  Seamans  could  jxiint  out, 
such  actions  were  not  arbitrary  or  whimsical,  nor  were  they  antiscience  in 
nature.  In  fact,  Webb  was  one  of  the  strongest  supporters  of  a balanced 
space  program.  When,  in  1962,  the  Apollo  program  needed  an  additional 
$400  million.  President  Kennedy  seemed  ready  to  accept  a suggestion  that 
the  funds  be  taken  from  other  parts  of  die  NASA  budget.  To  do  so,  how- 
ever, would  have  crippled  the  space  science  and  applications  programs, 
and  Webb  refused  to  go  along.  Mr.  Webb  told  the  author  that  he  had 
indicated  to  the  president  an  unwillingness  to  continue  as  administrator  of 
a program  that  did  not  have  a proper  balance  among  spare  science,  appli- 
cations, technology  , and  manned  spaceflight.  In  a fetter  ;o  the  president, 
Webb  offered  to  wait  until  the  next  budget  to  request  the  additional  funds 
for  Apollo,  a compromise  that  was  accepted.16  Throughout  his  tenure 
Webb  continued  to  give  strong  tracking  to  space  science,  but  he  also  refused 
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to  accept  as  a valid  complaint  the  grumbling  of  scientists  that  manned 
spaceflight  was  getting  most  of  the  NASA  dollars. 

Given  the  need  to  keep  within  imposed  budget  limitations,  there  was  a 
logic  to  the  cuts  made  in  the  space  science  program  during  the  mid-1960s. 
For  the  lunar  missions,  it  was  pointed  out  that  while  the  investigations 
would  cease  for  a while,  nevertheless  when  Apollo  flights  began  the  lunar 
studies  could  be  picked  up  again  with  the  added  power  provided  by  the 
personal  presence  of  astronauts  on  the  moon.  The  reasoning  was  legiti- 
mate, but  not  acceptable  to  many  scientists  who  mil  that  unmanned  inves- 
tigation of  the  moon  was  more  economical  and  more  versatile,  hence  more 
sensible.  Nevertheless,  NASA  managers  had  to  insist  that  Apollo  was  a 
national  commitment,  entered  into  for  many  reasons  and  not  primarily  for 
science,  and  that  the  most  desirable  total  program  would  he  one  that  made 
effective  use  of  Apollo  for  science  as  well  as  for  other  purposes.  The  case  of 
the  Advanced  Orbiting  Solar  Observatory  was  different,  in  that  Skylab's 
Apollo  Telescope  Mount,  which  replaced  the  observatory,  would  not  dupli- 
cate what  AOSO  could  have  done.  One  could  show  that  the  unmanned 
spacecraft  was  needed  for  the  more  advanced  investigations  of  the  sun 
requiring  long-duration  monitoring  of  solar  activ  ity  for  a substantial  frac- 
tion of  a sunspot  cycle,  and  high  spatial,  temporal,  and  spectral  resolutions 
not  afforded  by  either  the  first  solar  observatory  satellites  or  the  Skylab 
telescopes  to  come.  Although  Skylab  in  the  manned  program  did  prov  ide  a 
means  for  some  excellent  solar  research,  the  need  for  the  advanced,  long- 
duration  observ  atory  persisted,  and  in  the  course  of  time  much  of  what  the 
Advanced  Orbiting  Solar  Observatory  would  have  done  was  accomplished 
in  a continuing  series  of  improved  solar  satellites:  OSOs  G-K.17 

But,  whatever  complaint  there  might  have  been  about  either  the  abso- 
lute or  relative  level  of  the  space  science  budget  within  the  agency’s  total, 
there  can  be  little  doubt  that  it  represented  a substantial  program.  Through 
the  1960s  and  mto  the  1970s  support  for  science  in  the  space  program 
remained,  perhaps  steadier  in  the  Congress  than  on  the  executive  side.  But 
the  backing  was  by  no  means  unquestioning.  Congressman  Joseph  Karth, 
who  for  most  of  the  1960s  was  chairman  of  the  Subcommittee  on  Space 
Science  and  Application*  of  the  House  Committee  on  Science  and  Astro- 
nautics, was  a powerful  advocate  of  the  sc  ience  and  applications  program 
He  was  an  equally  formidable  inquisitor  of  NASA  rt  >resenta lives  v ^ 
appeared  before  his  subcommittee.  No  detail  of  the  budget  seemed  too 
small  for  his  eye  or  his  interest,  and  space  science  managers  each  vear 
supplied  the  subcommittee  with  reams  of  testimony  and  written  reports  in 
justification  of  the  space  science  budgets.18  For  the  historian  interested  in 
the  evolution  and  progress  of  the  program,  the  printed  records  of  both  the 
House  and  Senate  authorization  committee's  make  informative,  if  somewhat 
dreary,  reading. 
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Whtti  Ajk>IIo  passed  ics  peak  funding  in  fiscal  I9»S6  and  began  to 
decline,  drawing  the  total  NASA  budget  down  at  the  same  time,  much  of 
NASA’s  planning  was  directed  toward  finding  new  programs  and  projects 
to  follow  the  lunar  missions.  The*  initial  failure  of  that  effort  has  already 
been  described,  and  lor  a while  the  worrisome  decline  raised  doubts  as  to 
just  whai  the  future  of  the  space  program  might  be.  It  was  during  this 
period  that  a number  of  scientist— among  them  James  Van  Allen  and 
Thomas  Gold,  physicist  ai  ComeU  I’nivctstty — suggested  that  manned 
spaceflight  tould  be  greatly  reduced  or  dispensed  with.19  For  $2  billion  a 
year  a substantial  program  of  primarily  science  and  applications  could  be 
carried  ou:  The  ove^Wding  theme  in  the  debates  was  economy;  and  until 
NASA  satisfactorily  a dressed  this  issue  the  budget  continued  to  decline. 

Two  factors  turned  the  tide-  First,  even  though  the  manned  spaceflight 
program,  mostly  because  <4  die  tremendous  expense  ef  Apollo,  was  the 
principal  target  of  attack.  1 1 tore  wav  an  underlying  reluctance  in  Congress, 
in  the  administration,  and  even  among  many  of  the  scientists,  to  forego 
something  that  had  brought  so  much  prestige  and  acclaim  to  the  Timed 
States.  Second,  once  NASA  had  become  willing  to  let  go  of  the  Satum- 
Apollo  line  and  to  stop  pushing  for  an  early  program  to  build  permanent 
sjxue  stations  in  orbit  or  on  the  moon,  the  Space  Shuttle  could  be  pre- 
sented as  a means  of  greatly  reducing  the  costs  of  space  operations.  In  tire 
rok  of  a set  vice  to  the  rest  of  the  space  ptogram.  maniK-d  spaceflight  once 
again  he*an«e  salable.  Ihe  decline  in  NASA's  budget  stopped,  and  after 
falling  to  around  $5.25  bisiicn  began  slowly  to  climb  again  as  the  Shuttle 
prog) am  got  under  was.2* 
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As  the  I9“0s  began,  the  Spate  Shuttle,  scheduled  for  tire  198%.  looked 
ten  much  like  the  keystone  of  ;he  future  for  the  space  program.  Neverthe- 
less,  even  experts  were  haid  put  to  fallow  all  the  *ns  and  outs  ol  the  seem- 
ingly infinite  variety  of  »radcof!s  between  technical  :*nd  economic  factors 
that  had  to  be  considered  in  arriving  at  the  final  design  of  the  new  space 
vehicle  Repaying  ail  of  that.  pi&ns  boiled  down  to  the  following.  The 
Shuttle  would  be  able  to. 

t t^utiuh  to  near-eauh  orbit  the  kinds  ol  (xtvloud  that  'he  previous 
exivndable  sj>a<e  launch  vehicles  could. 

• Place  in  i«r.*»r-carth  orbit  payloads  weighing  «U  tons  or  more.  This 
would  make  possible  the  launching  of  a large  space  telescope  wh»ch 
was  of  considerable  interest  to  scientist.  Meavv  payloads  for  high- 
energy  astronomy  would  aJso  possible. 
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• Ramn  such  travy  payioads  from  orbit  and  return  them  to  tire 
ground.  Refurbishing  and  updating  of  expensive  spacecraft  and 
equipment  for  reuse  would  tlien  be  |*>ssible. 

• (am  experimenters  wiih  a minimum  of  spaceflight  training  into 
whit  and  back.  Only  the  pilot  arte  copilot  would  have  to  be  fully 
qualified  astronauts 

• Remain  on  orbit  lot  several  days  or  even  several  weeks,  operating  in 
•Iftvi  as  a temporary  space  station. 

• Carry  into  orbit  and  return  to*  earth  an  outfitted  laboratory  f or  the 
performance  of  experiments  in  the  space  environment,  investigators 
would  go  aloft  to  mndua  the  experiments. 

The  devefof  -ntent  cost.  spread  over  the  decade  n(  the  1970s,  was  estimated 
at  sonic  $5  billion  <i9?l  dollars),  lire  operating  cost  per  flight,  including 
refurbishment,  was  exited  to  he  on  the  order  of  $10  million  {again  in 
1971  dolbrsK-’ 

lire  idra  of  a fhim*?  to  space  was  not  new*.  Various  scheures  for  using 
lifting  bodies  to  return  passengers  to  earth  after  flight  in  space  were  float- 
ing atound  in  tlx  WnOs.  but  the  Cnitcd  States  was  not  then  prepared  to 
make  entn  h of  them.  Wi*h  imagination  one  could  visualize  the  X- 1 :>  as  an 
early  srep  toward  a manned  ^jiaa1  launcher.22  lire  Air  Fence’s  Dyna-Soar. 
w hich  was  never  completed,  urn* Id  have  been  still  another  step.2*  But  none 
of  these  posed  tire  challenges  that  aw  operational  space  plane  would,  lire 
problems  of  aerodynamics.  shim  tore.  dumwl  jirotei  tton,  and  guidance  and 
c ontrol  in  enduing  a vehicle  ;ltat  would  go  into  orbit  like  a spree  launcher 
and  thereafter  return  to  earth  and  iattd  like  an  airplane  were  intunidaiing. 
A great  deal  of  work  IukI  to  he*  done  before  one  could  seriously  contemplate 
prcxecJing  with  the  project.  Bui  after  aikiiiioual  years  of  experience  in 
high-speed  flight  with  the  X-I5  and  Apollo  programs,  in  1968  and  1969  a 
numbet  ol  NASA  nvTiibe,*  including  Cieorge  Mueller.  head  of  the  Office 
of  Manned  Spice  Flight,  were  reads  to  promote  a space  shuttle.  Even  so. 
many  industrial  refreesentatives  were  frank  to  sav  that  they  were  not  sure 
the  projec  t could  yet  bt  |Milkx!  off,  considering  that  not  only  did  the  tec  hni- 
cal  problems  have  to  1k  solved.  Out  it  all  had  to  be  dorre  c heaply  by  aero- 
sfKic  e >tamlattis. 

And  that  factor  economy  lay  at  the  heart  of  the  shuttle  s salability. 
After  the  very  expensive  Apollo,  in  the  midst  of  a period  of  economic 
recession,  inflation,  and  dwindling  balance  of  trade,  the  country  was  not 
about  to  support  ain't  her  cosily  space  project  unless  it  had  some  clearly 
foreseeable  practical  benefits.  Nation*;!  concern  with  issues  other  than  space 
had  permitted  the  NASA  budget  to  fall  from  its  peak  of  a little  more  than 
$5  billion  in  the  mid-1960s  to  about  three-fifths  the  'peak  value  at  the  end 
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of  the  decade.  I he  agency  would  be  fortunate  if  it  could  keep  the  budget 
from  going  even  lower.  As  has  been  seen,  sentiment  in  pan  of  the  space 
community  to  continue  with  an  extensive  use  of  Apollo  hardware  kid  to 
the  abortive  planning  of  an  Apollo  Applications  program.  Administrator 
Thomas  Paine  and  Vice  President  Spiro  Agnew  would  have  liked  the 
country'  to  send  astronauts  to  the  planets,  but  that  simply  wasn't  in  the 
cards.  Paine  and  others  would  also  have  favored  establishing  a very  large, 
permanent  space  station  in  orbit.  As  both  Paine  and  Abe  Silversteitt  de- 
scribed the  proposition,  that  would  be  "the  next  logical  step"  in  the  devel- 
opment of  space  for  man's  use.  Much  of  the  necessary  experience  and 
know-how*  had  already  been  acquired  in  the  (iftnini  and  Apollo  programs, 
and  it  was  simply  a matter  of  deriding  to  make  a space  station  and  then 
doing  it. 

But  there  was  a flaw  iti  this  reasoning.  A space  station  would  require 
frequent  logistic  flights.  With  Saturn  and  Apollo  hardware,  these  would 
entail  enormous  expense,  hardly  the  kind  of  economy  that  was  being 
demanded. 

It  took  a while,  but  gradually  the  message  came  through.  Reluctantly 
space  program  manages*  let  go  of  their  more  exotic  dreams  and  turned 
amotion  to  discerning  what  tire  country  migl  t be*  willing  to  support.  It 
became  cleat  that  the  space  piogtam  tot  the  foreseeable*  future  would  have 
to  emphasise  spec  ilic  returns  for  the  large"  investments  that  lead  been  mack". 
As  they  had  rr|x.iutlly  emphasi/cxl  throughout  the  !960s.  members  of  (km* 
gress  would  favor  a strong  effort  on  applications.  Also,  there  appeared  to 
lx"  a continuing  support  for  a substantial  spur  science  program.  Technol- 
ogy mat  would  clearly  be*  helpful  in  tackling  poblems  on  e*arth  was  also  a 
salable  item.  But  whatever  was  undertaken  would  have  to  be*  done  at  a 
much  lower  cost  than  hitherto.  It  apfxared  that  only  by  becoming  much 
more  efric  tent  in  the  use*  of  dollars  could  the  space*  program  continue  in 
any  shap*  compilable  to  that  of  the  1960s. 

rhal  was  | x » haps  the  major  issue  in  the  years  of  eheussion  that  pre- 
trekel  the  decision  finally  to  build  the  Spice  Shuttle.  The*  operational 
capibilities  popiscd  for  the-  new*  craft  weir  very  attractive*,  to  Furope*ans  as 
well  as  to  Americans,  and  captuted  the  intere*st  of  many  scientists.  Initio* 
Apdlo.  which  most  of  the  scientific  co  umiiiitv  ap|x*aread  to  oppise  at  the 
lx*ginniug.  the  Spue  Shuttle  had  the*  iutcrc*st  ami  at  least  the  tentative 
support  of  some  leading  scientists.  Tven  as  James  A.  Van  Allen  and 
I'homas  Gold  spike*  out  against  a shuttle  program,  many  of  thc'ir  col- 
leagues gave  it  their  conditional  endorsement.'1 

During  the  summer  of  1970  the  National  Academy  of  Sciences  made  a 
study  of  priorities  in  the  tiat ion's  spue  science  program.2*  Inevitably  the* 
Spue  Shuttle*  came  in  for  much  discussion.  In  a lex  tint*  to  the  study  ptrtic- 
iparus,  Hermann  Bondi,  head  of  the  Kurop*ati  Spue  Research  Organise 


BtYONIVHIt:  Ai  mospiurf 


tion,  expressed  his  support  for  the  Shuttle,  a view  that  may  have  tePected 
the  growing  interest  of  the  Europeans  in  cooperating  with  the  !7nited 
States  on  some  aspect  of  a shuttle  program  **  One  could  detect  among 
many  of  the  American  scientists  a decided  interest.  But  their  support  was 
contingent  upon  a number  of  conditions. 

The  study  participants  made  much  of  the  fact  that  they  dkl  oot  want  to 
get  again  into  a large-scale,  manned  spaceflight  program.  They  made  it 
plain  that  they  had  found  much  of  their  e\|)erience  with  the  Apollo  pro- 
gram distasteful.  Hence,  if  the  Shuttle  program  were  to  be  merely  a means 
to  continue  a manned  spaceflight  activity,  it  would  forfeit  their  interest.  In 
the  scientists'  view  the  Shuttle  should  be  developed  and  operated  as  a tool 
to  support  the  country's  principal  objectives  in  sfxtce,  one  of  which  was 
space  science.  Astronauts  would,  of  course,  fly  the  Shuttle,  and  on  some 
missions  other  passengers  might  go  along:  but  the  controlling  elements  on 
each  flight  should  be  the  technology  , applications,  or  science  objectives  of 
the  mission. 

If  a proper  perspective  vv**re  maintained  on  the  agency  's  objectives,  that 
would  mitigate  the  effect  on  other  programs  of  ihe  large  budgets  that 
would  be  needed  to  develop  tire  Shuttle.  With  the  projxT  pet  spec ‘live,  the 
agency  would  devote  the  necessary  funds  to  continuing  a strong  space 
science  program  and  to  preparing  in  advance  for  the  use  of  the  Shuttle 
when  it  became  operational.  But  the  scientists  were  worried  that  NASA 
might  not  cherish  the  proper  perspecti/e.  They  had  seen  the  large  budgets 
for  Apollo  force  the  curtailment  of  the  Ranger  and  Surveyor  projects  and 
the  cancellation  of  the  Advanced  Orbiting  Solar  Observatory.  As  if  to  em- 
phasize the  point,  at  the  time  of  the  summer  study  the  scientists  were 
wrestling  with  the  impact  the*  expensive  Viking — itself  a space  science  pro- 
ject strongly  endorsed  some  years  before  by  a different  Academy  of  Sciences 
study — was  having  on  other  projects  favored  by  space  scientists,  such  as 
Pioneer  missions  to  Venus.*7 

These  two  themes — that  the  Shut’le  should  be  considered  a tool  and 
used  as  a tool  to  support  sjxice  science  and  that  its  development  and  deploy- 
ment should  not  fx*  allowed  to  cripple  NASA’s  other  programs — scientists 
kept  reiterating  in  the  Space  Science  Board,  in  NASA's  Space  Program 
Advisory  Council  and  its  committees,  and  in  numerous  NASA  working 
groups.  There  were  many  aspects  to  the  related  issues.  If  the  Shuttle  were 
to  be  a useful  tool,  it  had  to  lx  eas>  to  use.  In  the  view  of  the  scientists,  that 
would  call  for  sharply  less  documentation  and  testing  of  equipment  than 
had  been  required  in  the  Apollo  program:  schedules  also  had  to  be  stream- 
lined. As  Deputy  Administrator  Low  told  the  author,  it  had  cost  10  times 
as  much  to  prepare  a magnetometer  for  the  Apollo  project  as  it  had  to 
prepare  a similar  one  for  an  unmanned  projec  t.  In  fact,  the  main  jx>int  was 
that  the  tool  should  be*  made  to  fit  the  hand,  not  the  hand  distorted  to  fit 
the  tool. 
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Bet  austv  of  these  concerns,  in  October  1972  NASA  put  together  a Shut- 
tle users  group  to  disc  uss  periodically  with  the  administrator  and  various 
program  managers  how  to  use  the  Shuttle  when  it  came  into  being.3*  Many 
groups  were  already  wtestling  with  how  to  build  the  Shuttle  and  what  to 
use  it  for,  but  no  group  was  adequately  addressing  itself  to  the  question  of 
how  it  could  be*  run  to  make  the  most  of  its  jroteimal.  'Hie  single  most 
im|x>rtant  recommendation  to  come  out  of  the  meetings  of  this  panel  was 
to  operate  the  Shuttle  in  such  a way  that  the  tool  did  not  overshadow  the 
application. 

Pursuing  both  questions,  what  to  do  with  the  Shuttle  and  how  to 
operate  it  so  as  best  to  serve  its  users.  NASA  s^xmsored  still  another  in  the 
long  chain  of  summer  studies  on  major  issues  facing  the  agency.  This 
study  was  conduc  ted  at  Wood's  Hole*.  Massac  huse  tts,  in  July  I973.2*  Again 
the  National  Academy  of  Sciences  conducted  the  study,  most  of  which  was 
demoted  to  what  the  Shuttle.  |K«ttic  ularly  the  Spacelab  it  would  cany  on 
board,  could  do  for  the  s|iace  program.  By  that  lime  the  scientists  had 
develop'd  a restrained,  somewhat  worried  interest  in  the  vehicle.  There  was 
more  willingness  than  hitherto  to  assume  that  |x*rhaps  the  craft  could  be 
developed  ami  flown  in  such  a way  as  to  bring  down  the  costs  of  space 
missions.  There  remained  still  the  question  of  whether  it  really  would  be 
operated  as  a tend  rather  than  as  an  end  in  itself. 

The  scientists*  {ears  in  this  matter  were  revived  by  NASA's  insistence 
that  a great  deal  of  attention  be*  paid  to  how  the  Spacelab.  which  the  Euro- 
peans were  developing  for  the  program  at  a projected  cost  of  several 
hundred  million  dollars,  would  lx*  used.  At  the  time  most  of  the  scientists 
could  see  little  use*  for  S|xieelab  and  wondered  il  they  we*re  going  to  be 
pressured  into  using  tt  simply  to  kevp  man-in-sjKtee  in  the  picture.  Al- 
though the  life  scientists  and  atmospheric  physicists  expressed  interest  in 
S|xuelah,  most  of  the  study  |Kirtiei|iaiUs  insisted  that  they  would  like  to  use* 
the  Shuttle  as  a truc  k to  carry  payloads  into  sjKtce.  including  the  very  heavy 
om*s  like  s|xt<e  telesco|x*s  and  high-energy  astronomy  jxiv loads. 

t he  discussions  brought  into  stark  re*lie*f  another  very  serious  ptoblean. 

Ilte  Shuttle  itself  would  lx*  cujxtble  of  placing  payloads  in  near-earth 
orbits:  hut  that  would  take  cart*  of  only  part  of  the  missions  the  scientists 
wanted  flown.  At  one  end  there  were  the*  very  small  |xtyl*Kids  of  the  kinds 
that  had  gone  inter  sounding  rexkets.  Study  participants  just  did  not  believe* 
that  the  sounding-rocket  c lass  of  |>ayload  could  lx*  accommcxlalcd  econom- 
ically w ithin  ;lie  Shuttle  cost  structure*.  Nor.  for  that  matter,  diet  the  Shuttle 
apjx’at  to  lx*  appropiiate  for  small  satellite's  of  the  kind  that  Scouts  had 
!x*en  launching.  es|x*c  ially  pax  loads  that  had  to  go  into  unusual  orbits  or 
trajec  toiies.  Would  provision  lx*  made*  to  keep  sounding  nx  kets  and  a small 
e\|K*ndable  vehic  le  like  Scout  for  the*se*  requirements? 

Also,  what  about  payioads  that  were  he*;ide*d  for  sync  hronous  or  other 
high-altitude*  orbits,  or  for  esea|x*  trajectories  to  the  moon  and  planets? 
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How  would  »hese  be  launched?  If  the  Shuttle  were  to  be  used  for  the  initial 
boost  from  the  earth's  surface,  suitable  upper  stages  would  still  be  required 
to  cam  the  payloads  beyond  the  low-altitude  orbit.  Was  NASA  going  to 
ensure  that  suitable  upper  staging  would  be  ready  for  use  with  the  Shuttle, 
or  would  there  be  an  undesirable  hiatus  in  such  missions  when  the  Shuttle 
tame  into  operation? 

These  questions  NASA  would  have  to  address  itself  to  as  the  space 
program  moved  through  the  transition  period  of  the  1970s  to  the  1980s 
when  the  Space  Shuttle  would  become  the  country's  principal  space  boos- 
ter. If  the  various  collateral  requirements  were  met,  the  Shuttle  had  a rosy 
future  in  prospect.  If  they  were  not  met,  NASA  could  expect  vrouble  with 
its  diems. 

The  early  years  of  American  space  sc  ience  may  be  taken  to  be  the  1950s 
and  1960s  in  which  first  sounding  rockets  and  then  satellites  and  space 
probes  were  used  to  extend  sc  ientific  research  into  outer  space.  Space  vehi- 
cles were  expendable,  new  ones  being  required  tor  each  new  mi  sion.  The 
decision  in  1970  to  prexeed  with  the  development  of  a reusable  Sjxire  Shut- 
tle signaled  the  end  of  ihe  era  in  which  only  expendable  booster  were 
used.  It  did  not,  however,  signal  the'  end  of  expendable  rockets,  since  the 
Shuttle  would  probably  not  meet  all  near-earth  launc  her  requirements  and 
would  certainly  have  to  use  additional  stages  to  send  spacecraft  beyond 
low-altitude  earth  orbits. 

Nevertheless,  the  decision  inaugurated  a period  of  transition  foi  the 
space  program  from  conventional  methods  to  the  use  of  the  Shuttle.  Dur- 
ing the  period  of  transition  space  science  and  applications  programs  would 
continue  much  as  in  the  past,  but  in  parallel  much  work  would  be  under 
way  to  prepare  for  the  use*  of  the  Shuttle.  If  ihe  Shuttle  did  perform  as 
promised  and  did  prove  to  be  economical,  it  could  be  highly  useful  for 
space  science.  Its  usefulness  would  depend  on  whether  the  program  were 
operated  so  as  to  support  the  scientific  objectives  properly. 

Once  the  Shuttle  program  was  under  way,  it  remained  to  see  how  well 
the*  engineers  could  do  in  creating  the  vehicle  and  how  wise  NASA  mana- 
gers would  be  in  using  it. 
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Oind,  Metamorphoses 


Viewing  events  in  retrospect  one  cannot  but  be  impressed  with  the 
seeming  inexorability  of  human  progress  toward  spaceflight,  particularly 
in  the  20th  century.  There  is  a temptation  to  claim  that  once  Tsiolkovsky, 
Goddard,  Oberth,  von  Braun,  and  their  followers  took  aim  at  outer  space, 
the  large  rocket  and  spaceflight  were  inevitable.  Certainly  by  the  time 
Sputnik  1 went  into  orbit,  a substantial  groundwork  had  been  laid  by  a 
large  number  of  pioneers  working  assiduously  through  many  decades. 

But  the  character  of  the  space  program  that  emerged  in  the  late  1950s 
and  1960s  was  not  so  predictable.  Many,  if  not  most,  of  the  early  workers 
were  primarily  interested  in  interplanetary  travel  and  high-altitude  research, 
but  for  the  most  part  had  to  rely  on  the  military*  for  support.  In  providing 
support  the  sendees  naturally  were  considering  the  potential  military  uses 
of  space,  and  indeed  the  first  major  rocket  to  go  into  operation  was  a wea- 
pon. the  Yr-2.  Because  of  the  importance  of  atmospheric  and  ionospheric 
data  for  applications  of  radio  and  radar,  and  in  the  design,  construction, 
and  operation  of  various  military  systems,  the  sendees  supported  a consid- 
erable amount  of  high-altitude  rocket  research  during  the  1940s  and  1950s. 
In  the  normal  course  of  events  one  could  thus  visualize  a U.S.  space  pro- 
gram, including  space  science,  as  evolv  ing  over  the  years,  emerging  quietly 
as  a part  of  military  research  and  development.  Under  such  circumstances 
the  ability  of  space  scientists  to  devote  their  research  primarily  to  the  most 
important  scientific  problems  would  have  been  hampered  by  the  require- 
ment to  contribute  in  a demonstrable  way  to  more  immediate  military 
needs.  In  addition,  as  the  experiences  of  the  Upper  Atmosphere  Rocket 
Research  Panel  during  the  1940s  and  1930s  showed,  there  would  have  been 
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ihe  constant  threat  of  being  pulled  under  the  cloak  of  military  secrecy— a 
restriction  fundamentally  incompatible  with  the  scientific  process. 

Such  limitations  on  the  U.S.  space  program  were  avoided  when  the 
administration  and  Congress,  reacting  to  the  Sputnik  challenge,  decided 
that  in  the  best  interests  of  the  country  most  of  the  space  program  should 
be  conducted  openly  under  civilian  auspices.  Moreover  the  vagueness  and 
grand  sweep  of  the  National  Aeronautics  and  Space  Act  of  1958  gave  the 
NASA  administrator  a great  deal  of  flexibility  in  specifying  the  content  of 
the  NASA  program.  As  one  consequence,  under  NASA  management  the 
space  science  program  became  very  much  a creature  of  the  nation's  inter- 
ested scientists. 

When  the  Soviet  Union  surprised  the  world  by  launching  the  first  arti- 
ficial satellite  into  orbit,  the  shocked  reaction  of  the  United  States  tended  to 
distort  the  country’s  perception  of  what  was  happening.  The  weight  of 
Sputmk  2 and  > showed  how  advanced  the  USSR  was  in  rocket  payload 
capability,  and  it  was  easy  to  focus  on  this  factor  while  underestimating 
the  importance  of  the  work  that  the  United  States  had  already  done  in  ihe 
field.  Looking  back,  it  is  now  clear  that  America,  while  lagging  in  rocket 
propulsion,  was  more  than  competitive  in  communications,  tracking,  and 
telemetry  , in  guidance  and  control,  and  in  sounding  rocket  research.  Fak- 
ing all  factors  into  consideration  the  imbalance  was  not  so  great  as  had 
been  imagined.  Proceeding  from  its  substantial  state  of  readiness  the  United 
States  built  an  enviable  record  of  success  in  space  over  the  next  dozen  years, 
c ulminating  with  the  Apollo  missions  to  the  moon. 

Space  science  contributed  its  share  to  the  overall  success.  Indeed,  for 
most  of  the  1960s  applications  and  science  missions  provided  most  of  the 
return  on  the  nation's  investment  in  space,  and  it  was  not  until  the  Apollo 
lunar  flights  that  Pie  manned  spaceflight  program  began  to  generate  the 
prodigious  quantities  of  data  that  continued  to  flow  from  it  during  the 
first  half  of  the  1970s. 

One  can  use  several  criteria  in  assessing  the  success  or  failure  of  the 
space  sc  ience  program.  The  simplest  is  whether  the  program  achieved  what 
its  planners  set  out  to  do.  By  this  criterion  the  space  science  program  must 
be  adjudged  successful.  In  every  area— earth  and  planetary  sciences,  solar 
physics,  stellar  astronomy  and  cosmology,  and  to  a smaller  extent  biology — 
substantial  progress  was  made,  bringing  a number  of  inqxmunt  discoveries. 
Successful  unmanned  scientific  spacecraft  missions  were  legion,  including 
thousands  of  sounding  rockets;  dozens  of  Kxplorei  satellites;  solar,  geo- 
physical, and  astronomical  observatories:  Pioneer  space  probes:  Ranger, 
Lunar  Orbiler.  and  Surveyor  spacecraft  to  the  moon:  and  Marine! s to  Mars 
and  Venus.  Sharing  in  some  of  these*  successes  were  many  other  countries 
taking  jxm  in  a quite  extensive  international  cooperative  program. 

A more  substantive  criterion  of  success  is  whether  what  was  achieved 
was  worthwhile.  This  is  more  diffic  ult  to  judge,  hut  that  hundreds  of  first- 
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rate  scientists  chose  to  devote  their  pe  rsonal  careers,  or  a substantial  part  of 
them,  to  spate  sc  ience  is  evidence  of  the  program's  success.  The  numbers  of 
scientists  working  in  the  fudd  and  the  voices  of  scientists  raised  in  strong 
support  of  important  projec  ts  and  equally  strong  protest  against  proposed 
cuts  had  to  be  important  considerations  to  the  administration  and  Con- 
gress in  deciding  the  extent  of  support  to  accord  to  space  science. 

Success  in  the  sjxur  science  program  was  not  bought  without  some 
failures.  Indeed,  for  the  first  two  years  failures  seemed  at  times  to  eclipse 
successes,  although  before  the  end  of  the  I9ti0s  the  success  rate  had  risen 
well  into  the  90  percent  range.  Both  failures  and  successes  had  their  lessons 
to  convey,  and  there  was  much  to  be  learned  by  participants  in  the  space 
science  program,  not  only  of  a scientific  nature  but  also  concerning  organ- 
ization and  management,  and  the  perplexities  of  human  relations. 

Or(»am/  \ i ion  \ni>  Man  vc.emen  t 

A gieat  many  of  NASA's  working  hocus  were  taken  up  in  problems  of 
management.  Patient  attention  to  detail  was  required  to  make  the  agency's 
complex  projects  succeed.  I he  space  team  did  a gcxxl  job.  evoking  world- 
wide piaise  for  N ASA.  But  it  must  be  remembered  that  the  team  was  more 
chan  a single  agency,  consisting  as  it  did  of  thousands  of  engineers,  techni- 
cians. lalxtiers.  scientists,  and  administrators  from  government,  industry, 
universities,  the  military,  and  even  other  countries.  Furthermore,  accom- 
plishments were  much  mote  labored  than  one  might  suppose  from  a dis- 
tance. The  picture  of  a well-oiled  mac  hine  purring  along  without  a c lank 
or  a c latter  is  inappropriate.  I he  space*  program  endured  the  same  kinds  of 
personnel  problems,  development  snags.  la!x>t  disputes,  sc  hedules  missed, 
cost  m en  u ns,  failures  and  tenqx>rary  setbacks,  and  management  mistake's 
that  were  the  exjierience  of  the  military  and  industry  in  the  large  weapon 
projects  that  might  lx*  (xmited  to  as  the  closest  analog  to  what  NASA  was 
trying  to  accomplish. 

That  NASA  had  to  struggle  through  the  same  difficulties  that  beset 
other  large-scale  programs  in  no  way  diminished  the  luster  of  space  achieve- 
ments. On  the  contrary,  to  meet  and  overcome  such  difficulties  was  the 
nature  of  the  task.  NASA  was  eclectic  in  its  approach,  borrowing  manage- 
ment ideas  from  various  source's,  especialh  the  military.  The  agency  was 
willing  to  ex|x*riment.  to  pioneer  in  the  use  of  new  management  techniques 
in  government-industry  relations,  incentive  contracting,  project  planning, 
technical  and  cost  reporting,  manageme  nt  reviews,  and  quality  assessment 
and  control.  B\  remaining  flexible,  reorganizing  several  times  in  the  course 
of  a decade,  it  was  jxissihle  to  accommodate  c hanging  needs  of  the  program. 

Fhe  management  st\le  of  the  agency  reflected  those  of  the  several 
administrators  who  snxxl  .it  the  NASA  helm  through  the  I9b0s.  The  first 
administtatot,  1 . Ke  ith  C.lennan.  came  to  NASA  with  a controlled  enthu- 
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siasm  for  space  that  served  to  prevent  any  explosive  growth  through  over- 
reaction to  Sputnik.  Glen  nan's  measured  pace  elicited  a steady  pressure 
from  numerous  quarters  to  move  faster,  particularly  to  get  on  to  the  planets, 
which  in  the  minds  of  many  scientists  were  taking  on  new  importance 
with  the  possibility  of  investigating  them  at  close  range.  In  retrospec  the 
situation  seems  to  have  been  ideal,  with  a positive  leadership  setting  forth 
on  a substantive  program,  and  a strong  followership  ready  to  go  along  and 
even  to  move  faster  and  farther  given  the  opportunity  to  do  so.  In  this 
climate  Giennan  was  able  to  set  the  agency  upon  the  course  that  it  fol- 
lowed for  many  years  afterward. 

In  February  1961.  James  K.  Webb  became  the  second  administrator  of 
NASA,  The  approval  by  President  Kennedy  and  the  Congress  of  the  Apollo 
project  gave  Webb  the  opportunity  to  step  up  the  pace  of  the  space  pro- 
gram. All  aspects  of  space  science  were  expanded,  A primary  concern  of 
Webb,  which  characterized  his  style  of  management,  was  to  maintain  the 
independence  of  action  of  the  agenc  y.  While  woiking  to  build  up  the  pro- 
gram. he  was  also  careful  to  avoid  becoming  the  captive  of  any  group  in 
industry,  the  administration,  or  the  Congress. 

Ciuler  Webbs  vigorous  leadership  the  agency’s  followership  grew 
steadily  and.  by  keeping  a balanced  program  even  unciei  high-level  pressure, 
to  concentrate  more  on  the  Apollo  mission  at  the  expense  of  other  parts  of 
the  program,  the  administrator  maintained  a broad  base  of  support.  Then 
tragedy  struck,  a fire  in  the  A|x>llo  capsule  killing  three  astronauts — three 
of  the  nation’s  heroes.  Had  it  not  been  for  the  race  with  the  Soviet  Union 
and  the  severe  blow  to  t\S.  prestige  in  the  world  that  failure  to  follow 
through  on  the  Apollo  commitment  would  have  entailed,  the  lunar  ven- 
ture might  well  have  ended  at  that  point.  As  it  was  it  took  many  agonizing 
months  and  Webb’s  considerable  administrative  and  political  skill  to  redress 
the  situation,  to  pick  up  the  pieces  and  move  on  again  toward  the  lunar 
landing  still  years  away.  But  from  that  point  on  sup[>ort  for  the  agency 
was  permanently  weakened,  more  tentative,  more  questioning.  So.  when 
the  muddy  planning  for  an  Apollo  Applications  program  to  follow  the 
manned  lunar  missions  Icxiked  to  outsiders  more  like  an  attempt  on  NASA’s 
part  merely  to  keep  the  Saturn  and  Apollo  teams  in  business  rather  than  to 
serve  any  genuine  need,  the  necessary  support  could  not  be  developed.  While 
resistance  was  general,  it  was  esjxriallv  strong  among  the  scientists,  who 
protested  that  as  far  as  science  was  concerned,  the  prodigious  sums  being 
asked  for  Apollo  Applications  could  lx* t ter  be  spent  on  any  of  a large 
number  o*  important,  unmanned  scientific  investigations. 

In  this  climate  NASA  leadership  faltered.  Finding  in  his  contacts  with 
the  administration,  the  legislators,  and  industry  no  strong  supjxm  for  large 
new  initiatives  in  space.  Webb  shied  away  from  making  any  sjxx  ifit  pro- 
posals. He  chose  rather  to  encourage  the  nation  to  debate  what  the  coun- 
try's future  in  spate  should  be.  hoping  that  the  agency  could  get  some 
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guidance  from  such  a debate.  But  the  country  did  not  move  to  fill  the 
leadership  vacuum  left  by  NASA,  and  no  great  debate  loo k place.  It  was 
left  squarely  up  to  NASA  to  recapture  the  leadership  it  had  temporarily 
relinquished. 

In  contrast  to  his  predecessor  the  third  administrator,  Thomas  O.  Paine, 
was  eager  to  strike  out  on  bold  new  paths,  optimistic  that  he  could  gen- 
erate the  necessary  support.  Paine  made  the  courageous  decision  to  proceed 
with  the  Apollo  8 flight  in  December  1968,  at  a time  when  there  were 
growing  concerns  and  doubts  about  the  ability  of  Apollo  to  accomplish  its 
objectives  and  much  fear  that  a serious  failure  in  an  early  lunar  mission 
might  lead  to  a strong  reaction  against  continuing  the  project.  The  out- 
standing success  of  Apollo  8 completely  altered  the  mental  climate  for  a 
while  and  set  A|*>llo  firmly  on  its  final  course  to  success.  But,  later,  when 
Paine  campaigned  unrelentingly  in  the  Nixon  administration  for  a large- 
scale  space  program  costing  $8  billion  or  more  a year,  including  shuttles, 
space  stations,  and  manned  spaceflight  to  the  planets,  he  found  himself 
completely  out  of  tune  with  the  conservative,  budget-conscious  iinxkI  of 
the  time.  In  the  fate*  of  distressing  societal  problems  that  impinged  on  the 
daily  life  and  the  pocket l>ook  of  the  average  , rizen,  the  country  was  not  in 
a mood  to  "swashbuckle.”  as  Paine  had  put  it.  Much  of  NASA's  follower- 
ship  again  shied  away. 

The  fourth  administrator.  Janus  C.  Fletc  her,  who  took  over  on  27  April 
1971,  recaptured  the  NASA  followership  with  a jxdicy  of  moderation  and 
cost  consciousness.  An  effort  was  made  to  ptoject  an  image  of  applying 
space  knowledge  and  capabilities  to  problems  of  concern  to  the  man  on  the 
ground,  and  to  do  it  economically.  The  Space  Shuttle  was  sold  hugely  on 
the  basis  that  it  would  make  it  |x>ssible  to  use*  space  more  effectively  and  at 
far  less  cost  than  with  conventional  launch  vehicle's  and  space*  hardware. 
Fletcher  s style*  was  more  like  that  of  Gtennan;  his  willingness  to  proceed 
at  a measured  pace,  as  Clennau  had  sought  to  do.  made  his  approach 
acceptable.  The  image  of  conservatism  and  public  responsibility  that  he 
projected  made  it  {Missihle  for  Fletcher  to  discuss  publicly  future  exciting 
adventures  that  had  ap|>ealed  to  Paine,  like  sending  men  to  the  planets  or 
building  spac  e outposts  in  orbit  or  on  the  nuxm. 

ruder  each  of  its  administrators  NASA  had.  of  course,  to  engage  in  the 
usual  ac  tivities  of  management.  These  inc  luded — in  the  jargon  of  the  gov- 
ernment manage*! — planning,  programming,  budgeting,  and  execution. 
Space  science  mar  gets  could  no  more  escape  these  necessities  than  could 
any  others,  but  differences  of  approach  were  worthy  of  note. 

It  is  customary  for  a large-sc  ale  ofHTalion  to  maintain  a series  of  plans 
for  tlu*  activity — short  term,  intermediate,  and  long  range.  In  theory  the 
short-term  plans  are  those  largely  in  effect  or  lx*ing  carried  out,  the  inter- 
mediate plans  those  that  are  to  lx*  used  in  formulating  the  next  budget 
proposals,  while  the  long-range  plans  serve  as  a guide  into  the  more  dis- 
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tarn  future.  Properly  worked  out  plans  should  include  not  only  the  objec- 
tives  to  achieve,  hut  also  suitable  estimates  of  six'cific  projects,  their  feasi- 
bility and  promising  approaches,  funding.  man|xnver.  and  facility  require- 
ments, schedules,  an  appraisal  of  the  avadahility  of  suitable  contractors, 
and  some  thought  about  organizational  and  management  setups.  Shorter- 
term  plans  would,  of  course*,  furnish  such  detail  in  greater  depth  than 
would  long-range  plans,  which  for  the  quite  distant  future  might  become 
rather  general  in  treatment. 

When  NASA  began  ojxiations.  Administrator  Clennan  required  the 
agency  to  maintain  lx>th  short-term  and  long-range  plans.  As  did  the  other 
office's,  the  space  s<  ience  division  contributed  to  those  plans.  The  second 
administrator.  James  K.  Webb,  however,  while  requiring  adequate  plan- 
ning on  the  part  of  the  agency,  did  not  favor  publishing  spec  ific  plans.  His 
concern  was  that  the  issuance  of  specific  plans  for  the  more  distant  future 
would  call  forth  attacks  from  N ASA’s  opjxments  when  neither  the  agenc  y 
nor  its  supporters  were  prepared  to  engage  in  a suitable  defense  of  the 
plans.  Webb  preferred  to  publish  specific  plans  as  he  requested  the  next 
year's  budget,  at  which  |x>int  the  agency  was  prepared  to  put  forth  a strong 
defense  of  its  pro(x>sals.  Webb's  approach  placed  upon  the  different  offices 
in  the  agenc  y the  resfxmsibiiity  to  maintain  an  adequate  planning  ac  tivity 
while  refraining  from  publishing  sjxviiu  long-range  plans. 

While  there  was  something  to  gain  in  not  revealing  NASA's  intentions 
ux>  early,  there  were  also  disadvantages.  Potential  participants  in  the  pro- 
gram needed  to  know  what  was  in  prospect,  so  that  they  might  plan  and 
make  ptofx>sals  to  NASA.  In  space  science.  es|xrially.  managers  felt  the 
need  to  inform  individual  scientists  of  the  op|xmunities  that  lay  ahead  so 
that  they  might  plan  and  work  on  exjx-riments  that  often  t<x>k  years  of 
advance  preparation.  Similarly  there  was  a need  to  keep  industry  informed 
of  the  kinds  of  spat ci  raft  and  instrumentation  contractors  might  in*  called 
on  to  provide.  To  meet  the  need  for  advance  information  on  likely  future 
space  science  projec  ts  while  at  the  same  time  not  committing  themselves  to 
sjxvific  future  plans,  space  science  managers  devised  what  they  called  a 
space  sc  ience  prospectus . 

The  pros|x*c  tus  differed  from  an  ac  tual  plan  in  that  for  each  area  or 
discipline  the  prosjxvtus  listed  a variety  of  |x>ssible  choices  for  future  pro- 
grams and  projects.  The  choice's  were  studied  and  analyzed  in  suffic  ient 
depth  to  ensure  that  they  were  feasible  and  to  afford  a suitable  estimate  of 
funding.  man|x>wer.  and  other  tequirements.  In  theory,  the*  prosjxvtus 
provided  NASA  |x*opIt\  industry,  and  outside  scientists  useful  information 
about  what  NASA  had  in  mind  for  the  future  without  drawing  the  fire  of 
clitics  that  a firm  plan  might  occasion.  The  piospectus  did  prove  to  be  a 
useful  planning  device,  and  in  the  last  two  years  of  Webb's  administration 
the  author  and  some  of  his  colleagues  worked  on  such  a prospectus  for  the 
whole  agency.  For  a variety  of  reasons  this  effort  did  not  succeed,  the  most 
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important  of  whic  h probably  was  that  Thomas  Paine,  who  Ixrame  admin- 
istrator after  Webb  left,  strongly  Cavort'd  specific  plans  and  was  willing  to 
battle  for  a bold,  long-range  program  for  the  agency. 

i the  jargon  of  government  workers,  programming  is  the  prcxess  of 
putting  togethei  individual  elements  of  a plan  into  a properly  integrated 
program  for  an  office  or  the  agency  to  undertake.  Then  budgeting  is  figur- 
ing out  the  funds  and  other  resources  according  to  time  required  to  carry 
out  the  proposed  program.  For  space  science  managers,  one  aspect  of 
planning  and  programming  differed  from  the  approach  of  other  offices  in 
NASA.  That  was  the  const ious  effort  to  make  the  space  program  the  crea- 
ture of  the  nation’s  sc  ientific  community. 

To  achieve  this  end  it  was  necessary  to  bring  large  numbers  of  outside 
scientists  into  the  planning  in  some  way  that  made  their  input  effective, 
while  NASA  still  made  the  required  decisions.  There  was  a narrow  path  to 
tread  here,  for  the  sc  ie  ntists  would  gladly  have  wielded  the  authority  while 
leaving  to  NASA  the  responsibility  for  the  actions  taken.  NASA  managers 
took  the  approach  of  including  the  thinking  of  a series  of  advisory  com- 
mitters in  their  planning  and  programming.  It  was  not  an  easy  prcxess  to 
sustain,  since  advisers  could  never  hojx*  to  he  as  fully  informed  of  all  the 
issues  as  NASA  employees  working  full-time  on  the  job.  Moreover,  at  times 
other  than  sc  ientific  issues  forced  decisions  that  were  unpalatable.  In  mak- 
ing such  decisions  NASA  managers  could  cot  always  get  the  help  they 
needed  from  the  scientific  community,  since  scientists  , eluctant  to  set 
priorities  between  different  disc  iplines.  Hence,  wheat  budget  restrictions 
required  a c hoic  e Ixaween  projects  in  differing  disciplines  the  onus  landed 
on  NASA  jx'ople.  Not  until  the  end  of  the  1960s  did  outside  scientists 
finally  face  up  squarely  to  the  problem  of  giving  NASA  specific  advice  on 
setting  priorities  among  various  discipline's,  as  well  as  within  a specific 
one. 

Nevertheless,  except  for  this  one  lack,  the  scientific  community  supplied 
NASA  with  much  advice  on  space  science  programs  and  projects,  to  the 
extent  that  the  NASA  space  science  program  could  genuinely  lx*  descrilxd 
as  a program  of  the  scientists.  Supporting  this  progiam  NASA  was  able  to 
obtain  si/able  budgets,  particularly  during  the  first  half  of  the  1960s.  At  the 
jx*ak  of  support  for  NASA  in  the  middle  of  the  decade,  space  science  was 
enjoying  the  lion’s  share  of  a science  and  applications  budget  that  ap- 
proached 51  billion  a year  and.  although  funding  dec  lined  sharply  toward 
the  end  of  the  decade,  space  science  continued  ro  command  tesources  in  the 
neighboiho'xl  of  $500  million  annually. 

As  for  execution,  the  space  science  program  relied  on  NASA  centers, 
industry,  and  the  universities.  For  most  of  the  1960s  tlv  Office  of  Space 
Sc  ience  and  Applications  was  assigned  the  responsibility  for  the  Goddard 
Space  Flight  Center.  Jet  Propulsion  Laboratory,  and  Wallops  Station.  Most 
of  the  internal  support  for  space  science  was  obtained  from  these  centers. 


Beyond  imi:  Atmosphere 


but  every  other  NASA  ceirtei  also  pmvkfcd  stijrpon  to  the  science  program. 
In  general,  relations  between  NASA  Headquarters  and  the  tenters  were 
effective,  but  at  tinted,  particular;*  in  the  early  years,  there  were  severe 
strains.  Illustrating  these  were  difficulties  with  the  Goddard  Space  Flight 
(enter  and  with  the  Jet  Provision  laboratory,  lire  problems  were  sim- 
ilar. arising  from  conflict  between  the  center's  desire  for  autonomy  and 
headquarters'  res|jonsibiIuy  to  represent  the  agency  to  the  administration 
and  tire  tongrns.  But  the1  circumstances  were  different  in  that  (kxklard 
was  a Civil  Ser\  ice  center  while  JPI.  was  a contractor  to  NASA.  In  both 
rases  accommodation  chi  both  sides  was  required  to  overcome  the  difficul- 
ties. 'Yith  Goddard.  iieadquarters  had  to  take  care  to  keep  to  its  own  job  of 
pnygram  management,  leaving  the  center  free  to  handle  the  management 
of  projects  assigned  to  it.  As  fen  JPL.  the*  laboratory  had  to  recognize  its 
responsibility  as  a NASA  contractor  10  follow  NASA  direction,  while  NASA 
had  to  lease  JPL  sufficient  leeway  to  exercise  its  own  judgment  with  regard 
to  twsic  research. 

While  the*  >|vue  s<  rience  and  manned  spaceflight  fzrogrims  supported 
each  other — the  former  furnishing  advaikr  information  on  die  moon  for  the 
design  of  lend  ware*  and  planning  of  mission  o|x*niiions.  the  latter  eventu- 
alix  providing  the  most  jxmciiul  method  of  investigating  tire  moon — 
nevertheless  thru*  were  serious  strains  for  a variety  of  reasons.  Mam  scion- 
tists  were  unconvinced  of  the  worth  of  the  mantwd  spaceflight  program  in 
general  or  of  lire  lunar  landing  project  in  parti* ular.  To  these  persons  it 
strntd  cleai  that  a much  greater  return  in  y u iiifii  ckita  could  be  had. 
scMHier.  in  an  unmanned  program  of  far  smaller  cost.  Ijeading  members  of 
the  scientific  establishment  *-faud  iiiiec|iii\<xaIlY  tlr.it  the  real  substance  of 
the  sjrace  piogram  !a\  in  vience  and  applications.  According!*  it  rankled 
that  top  pilot  it v and  huge  funds  were  accoidcd  the  Apollo  project,  whose' 
pitiu  tful  missions  were  tire  (u  tter  |Mtf  of  a decade  away,  while  \aluable 
sc  ientific  projects  that  one*  knew  how  to  do  and  that  would  yield  important 
data  quickly  had  to  watt  for  later  funding.  The  distress  increased  when 
Apollo  needs  threatened  ongoing  prefects,  as  hapfrened  from  time  to  time. 

A sttbde  complk  anon  arose  when  the  agency  urged  scientists  to  put 
exfierivnents  u nr, ini  and  AjjoIIo  flights,  hut  then  did  not  accord  the 
exjKiimenis  the  and  of  snp|xH!  or  level  of  priori!*  the  investigators  felt 
the*  deserved.  One  can  appreciate  the  views  of  the  Apollo  numagtis.  since 
the*  were  attempting  to  achieve  something  never  done  before,  something 
\er\  ciif f i«  tilt.  \rrv  hazardous,  and  also  iur|x>rtant  to  the  country  's  image  in 
the  world.  Nevertheless  there  were  man*  who  felt  that  the  Apollo  engine ers 
indulged  in  overkill,  therein  precluding  a great  deal  of  valuable  science 
that  might  otherwu-  have  !x*et:  clone.  Fugetre  Shoemaker,  a geologist  from 
the  I S (ieojogval  Ntxtxe*.  provided  an  extreme  example  in  this  lesjxcl. 
For  mam  years  Sh«5einakei  worked  intimately  on  the  Ajrollo  project.  help- 
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ing  !o  train  astronauts  and  to  prepare  for  scientific  invesugattcons  during 
(he  Apollo  landings  on  the  moon  Yet  after  the  first  suorssful  landing  he 
left  in  disgus*  to  spend  more  than  a year  excoriating  NASA  for  shortsight- 
edness with  regard  to  Apollo  sc  ience. 

The  strains  between  spue  scientists  ami  the  Apollo  people  were  exac- 
erbated by  the  fact  that  Apollo  was  principalis  an  engineering  project. 
Engineers  ami  sc  ientists  differ  fundamentally  in  their  outlook  and  approach 
to  their  jobs.  To  tiiginem.  tmined  in  highly  disciplined  iramwork,  the 
independence  and  individualism  of  the  successful  sc  ientist  looks  like  an- 
archy. Id  overcome  these*  basic  differeiues  requires  consc  ious  ;uk!  continu- 
ing attention  Ironi  management.  In  the'  Office  of  Space  Science  and  Appli- 
catious  an  corganizational  chief  was  used  for  mam  \rars  to  irv  to  alleviate 
this  problem.  Instead  of  gathcTing  the  scientists  into  a single  research 
group  amt  the  engineers  into  a separate  service  group,  which  is  a tradi- 
tional arrangement,  engineers  ami  scientists  were  intimately  mixed  in  a 
number  of  smaller  units.  As  head  of  the  office,  the*  author,  himself  a scien- 
tist. chose  an  engineer  as  his  depitv.  In  the  division  for  geophysics  and 
astronomy,  initially  a scientist  vas  in  charge,  with  an  engineer  as  depute. 
latc*t  when  the  scientist  was  promoted,  tin*  engineer  became  the  head  ami 
chose  a scientist  as  deputy.  ScietUi  is  ami  engineers  wen*  paired  at  ail  levels 
throughout  the  organization.  The  .Jiangeinent  sometimes  evoked  the  criti- 
cism that  it  genet  a ted  a collection  of  little  "baronies”  it)  the  oflice.  vet  the* 
organization  appealed  to  promote  its  intended  objective.  Fngineers  ami 
scientists  came  to  applet  iate  each  other’s  problems  and  to  share  enthu- 
siasm for  e;tch  other’s  triumphs.  Several  limes  in  the  course*  of  the  decade 
spue  science  management  considered  the  possibility  of  lemming  to  the 
more  tradicuoual  arrangement,  only  to  reaffirm  the  original  choice. 

The  effort  to  solve  the  problems  that  the  Office  of  Space  Science  and 
Applications  and  the  Oflice  o!  Manned  Spice  Flight  had  in  wotking 
together  In  setting  up  a special  Manned  Spice  Science  Division  was  less 
successful.  Foi  one  dung,  die  problems  wete  more  severe*.  Manned  Spue 
Flight  had  the  priotitv,  and  even  was  assigned  the  funds  lot  the  manned 
spue  science  for  which  du*  Office  of  Spue  Science  and  Applications  was 
give  n the  responsibility.  Thus  two  fundamental  management  errors  snood 
in  the  way,  1‘he  Manned  S|oace  N<  ietue  Division  had  two  bosvs  to  try  tco 
satisfy  whic'h  is  untvetvtllv  recognized  as  nnsalisfac  torv.  Second.  the  Office 
of  Manned  Spur  Flight  had  the*  mono  hot  c hence  in  practice  control  of) 
manned  spur  science.  As  a consequence  the  Office  of  Spue  Science  and 
Applications  hong  Mi  frustrated  in  putting  together  du*  kind  of  manned 
spue  science  progiam  the  scientific  community  desiied.  Not  until  the 
initial  lunar  landing  had  taken  place  and  the  pritnatv  remaining  motive 
foi  ativ  ftttthei  Apollo  missions  was  science — to  explore  and  investigate  the 
moon — did  these  prohI«*ms  begin  to  resolve  themselves.  At  that  point  lunar 
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scientists,  in  a tremendous  surge  of  interest,  working  for  the  most  part 
directly  with  the  Johnson  Space  Outer.  generated  the  kind  of  science  pro- 
gram they  had  long  sought. 

In  the  course  of  the*  space  sc  ience  program  NASA  managers  relearned  a 
number  of  management  lessons  others  had  learned  before,  such  as  not 
assigning  two  bosses  to  the  same  group  and  not  assigning  the  money  for 
oik*  program  to  the  control  of  another  office.  It  ought  almost  to  be  axio- 
matic that  objectives  should  be  clear  and  reasonable,  yet  with  the  Centaur 
program  NASA  put  itself  through  a period  of  considerable  strain  by  trying 
to  make  the  as-yet-undeveloped  rocket  stage'  satisfy  at  legist  four  different! 
sets  of  requirements.  Only  when  the  development  was  direct* xl  toward  a 
single  set  of  requirements,  those  of  the  Surveyor  lunar  spacer! aft,  did  Cen- 
taur move  smoothly  toward  its  first  successful  flights.  Once  developed. 
Ontaur  was  uprated  to  satisfy  additional  requirements. 

Again,  it  should  be  clear  that  attempting  loo  big  a step  in  a new  devel- 
opment is  unwise.  While  tin*  intended  objectives  may  ultimately  be  achieved, 
the  cost  of  overreaching  c an  be  too  great.  This  point  was  illustratcxi  by  the 
Orbiting  Astronomical  Observatory  in  which  snags  were  encountered  in 
developing  the  guidance  and  control  system  that  icx>k  inordinate  anunmts 
of  time  and  money  to  solve.  Moreover.  the  seven-year-long  development 
time  foi  the  observatory  adversely  affected  experimenters  who  had  to  mark 
time  with  their  experimental  programs  while  me  s|xuecraft  was  being 
developed.  In  this  connection  it  should  be  nottxl  that  a number  of  scientists 
had  advised  NASA  to  fly  a less  complicated  observatory  first. 

To  avoid  such  harmful  overextension  and  costly  overruns.  NASA  man- 
agement intrcxiuccd  the  device  of  phased  project  planning.  While  its  use* 
was  rather  fu/ty  in  NASA,  nevertheless  the  policy  of  requiring  a careful 
review  and  assessment  of  the  si/e  and  appropriateness  of  steps  to  be  taken 
in  NASA  projects  was  beneficial. 


I\im  tm  \t  and  Ins  1 1 i t i ion.u  Rh  v i u >\s 

'Thousands  of  individuals  and  institutions  were  required  to  cam  out 
the  space  program.  NASA's  relations  with  these  took  on  many  forms,  some 
of  them  simple  and  uncomplicated,  some  very  complex.  All  were  im|x>r- 
fant  management  concerns. 

Basic  to  maintaining  the  necessary  |x>litical  sup|xm  for  the  program 
were  the  often  delic  ate  and  subtle  relations  with  the  administration  and  the 
Congress,  neither  of  which  has  been  dealt  with  in  any  depth  in  this  book. 
As  for  space  science,  on  the  legislative  side  the  program  had  both  the  strong 
support  and  continuing  critic  ism  of  the  Subcommittee  on  Space  Science 
and  Applications  of  the  House  Committer  on  Science  and  Astronautics, 
with  more  general  sup|x>rt  and  somewhat  less  penetrating  criticism  from 
the  Senate  Committee  on  Aeionautical  and  Space  Sciences.  Within  the* 
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administration.  primary  attention  came  from  the  president’s  sc  ience  adviser 
and  the  President’s  Science  Advisors  Committee,  especially  from  the  Space 
Sc  ience  and  Tec  hnology  Panel  of  PSAC.  Although  a number  of  the  PSAC 
members  had  devoted  considerable  time  and  effort  helping  to  establish 
NASA  with  a strong  scientific  flavor,  they  did  not  choose*  to  devote  their 
own  |**rsonal  careers  to  space  research.  The  science  panel  did.  however, 
keep  a watchful  eve  on  the  agency,  especially  for  the  first  few  years. 
Although  the  Science  Advisory  Committee  and  its  panel  had  no  direct 
authority  over  NASA,  their  position  in  the*  White  House  gave  considerable 
weight  to  their  views,  and  at  times  they  served  as  effec  tive  safety  valves  for 
the  scientific  communitv  when  space  scientists  felt  that  their  needs  were 
not  receiving  the  proper  attention.  Hie  letter  to  kistiakowsky  from  Lloyd 
Berkner.  c hairman  of  the  Space  Science  Board,  in  November  1959  express- 
ing concern  that  NASA  might  neglect  ground-based  scientific  research 
related  to  space  in  favor  of  only  flight  experiments,  and  also  might  not 
publish  scientific  results  in  the  open  literature,  illustrates  the  point.  As  a 
second  example,  astionomers  sought  similar  help  from  the  space  science 
jxmel  when  thev  were*  dissatisfied  with  how  work  on  an  orbiting  astronom- 
ical satellite  was  progressing.  In  both  cases  the  science  iidviser  and  the 
}Ktnel  used  their  good  office's  with  NASA  to  help  clear  the  air.  More  sub- 
stantive was  one  science  adviser's  assistance  in  breaking  the  deadlock  over 
classification  that  threatened  to  damage  a long-planned  program  of  inter- 
national cooperation  in  geodesy. 

After  the  first  few  veins  the  science  |xmel  was  more  or  less  quiescent 
until  widespread  dissatisfaction  over  NASA’s  planning  of  the  Apollo  Appli- 
cations program  stirred  the  panel  to  renewed  activity.  Its  concern  and 
recommendations  did  much  to  help  steer  the  thinking  on  Apollo  Applica- 
tions out  of  its  preocc  upation  with  merely  keeping  Saturn  ami  Apollo  alive 
toward  the  more  acceptable  Skyiab  program. 

Also  not  treated  in  depth  in  this  narrative  were  NASA’s  vital  relation- 
ships with  other  government  agencies.  A particularly  intimate  partnership 
with  the  Department  of  Defense  and  the  military  services  was  essential. 
Indeed,  mutual  assistance  between  the  two  agencies  was  required  in  the 
NASA  Act.  But  in  other  areas  not  specifically  addressed  in  the  NASA  legis- 
lation, NASA  also  needed  to  work  closely  with  sister  government  agencies. 
The  use*  of  satellites  for  monitoring  the  weather,  of  major  importance  to 
the  Weather  Bureau  of  the  Department  of  Commerce,  was  one  example. 
Others  were  the  use  of  satellites  for  making  a worldwide  geological  survey 
and  for  monitoring  changing  land  um*  puterns.  both  of  concern  to  the 
I>epartmem  of  the  Interior.  It  soon  became  upiMietu  that  satellites  could  be* 
of  assistance  in  surveying  and  monitoring  agricultural  crops,  forests,  and 
grazing  lands,  bringing  NASA  and  the  De|xtt  intent  of  Agriculture  together. 
In  similar  fashion  the  potential  contributions  of  satellites  to  communica- 
tions. air  and  n arine  navigation,  and  air  traffic  control  invited  still  other 
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associations  between  N ASA  and  the  rest  of  the  government  establishment. 
Associations  with  private  activities  we re  legion,  as  industry  designed,  built, 
and  unrated  most  of  the  hardware  that  made  sfxice  science,  spate  applica- 
tions,  and  spat*"  exploration  possible. 

NASA's  relationship  with  the  National  Academy  of  Sciences,  through  tin* 
Sfxice  Science  Board  esixrially.  was  inherited  from  the  International  Geo- 
physical Year  along  with  the  IGY  sounding  rocket  and  satellite  programs 
that  gave  the  agency  its  headstart  in  science.  As  the  nation's  most  presti- 
gious scientific  bcxly.  the  academy's  advite  carried  extra  weight  and  its 
support  to  the  space  program  special  significance.  While  there  were  rough 
s|x>ls  in  the  assex  iation.  on  the  whole  the  relationship  was  intimate  and 
productive,  and  through  the  years  Sjxice  Sc  iente  Board  recommendations, 
including  those  horn  a long  list  of  sfx*t  ial  summer  studies,  weighed  heavily 
in  NASA's  planning  and  programming. 

But  NASA  soon  learned  that  the  scientific  tommunih  was  not  mono- 
lithic. and  that  often  important  groups  of  researchers  took  exception  to 
s|xxifi<  recommendations  of  tin*  academy.  Thus,  while  still  placing  high 
value  on  advice  from  the  Spate  Science  Board.  NASA  managers  came  to 
feel  the  need  for  a closer  assoc iation  with  a broad  segment  of  the  scientific 
ceimnuuitv.  l o this  end  the  ageno  made  use  of  a series  of  advisory  grou|>s. 
whic  h throughout  the  I9b0s  proved  to  be  a powerful  means  of  involving 
outside  scientists  intimately  in  the  planning  and  conduct  of  the  space 
science  program.  At  times  more  than  200  of  the  leading  workers  in  space 
science  were  on  N ASA  committees  and  working  groups.  Also,  by  jxTicdi- 
cally  replacing  a portion  of  these  advisers  with  new  revisits.  NASA  was 
able  to  keep  infusing  new  thinking  into  the  system. 

The  first  advisory  groups  were  subcommittees  of  the  Space  Sciences 
(later  the  Sjxu  e Science  and  Applications)  Steering  Committee,  which  con 
sisted  of  kev  managers  of  the  NASA  program.  These  subcommittees  were 
highly  specialized,  furnishing  advice  in  essentially  a single  disc  ipline,  such 
as  (Kiltie k*s  and  fields.  They  advised  on  program  content,  on  the  selection 
of  experiments  and  experimenters  for  flight  missions,  and  on  what  labora- 
tory work  to  sup|x>rt  to  ensure  a projxa  groundwork  for  future  sjxu  e mis- 
sions. Fhe  disc  iplinary  subcommittees  were  very  effective,  but  in  time  sc  ien- 
tists lx*gan  to  complain  that  there  was  a need  for  less  sjx*t iali/td  advisory 
Indies  and  a broader  participation  of  the  community.  The  Astronomy  Mis- 
sions Board  and  the  Lunar  and  Planetary  Missions  Board  were  established 
to  meet  this  critkism.  while  retaining  the  subcommittees  of  the  Steering 
Committee.  When  the  missions  boards  came  to  feel  that  even  they  did  not 
always  have*  enough  jxrsjxc  live  on  the  NASA  planning  and  programming, 
the  Space  Program  Advisory  Council,  with  subsidiary  committees  to  the 
c ouncil,  and  subsidiary  (xmels  to  the  committees,  was  brought  into  being. 

Since  plans  and  programs  began  to  take  shajx*  in  the  division  and 
lower  levels  of  the  organization,  that  suggested  advisory  groups  would  be 
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most  effective  if  they  worked  directly  w ith  the  divisions — ami  this  was  done. 
At  the  same  time  advisory  groups  traditionally  feel  that  they  ought  to  mak" 
their  views  known  directly  to  top  management.  Accordingly,  while  advi- 
sory groups  were  established  to  work  with  the  divisions,  they  were  also 
asked  to  report  findings  and  recommendations  directly  to  associate  admin- 
istrator and  administrator  levels. 

This  multipronged  connection  with  NASA  management  worked  well 
with  the  missions  boards,  but  not  so  well  with  the  Space  Program  Advisor 
Council.  In  the  advisors  council  organization  there  was  too  much  layering, 
and  the  divisions  lost  touch  with  the  council,  feeling  little  kinship  w ith  the 
council  s committees  and  panels.  To  the  divisions  tire  council  appeared  too 
much  as  a special  group  for  the  administrator,  so  that  the  divisions  began 
to  set  up  advisory  groups  of  their  own  with  which  they  could  work  with 
the  necessary  intimacy.  Even  for  those  who  had  close  contact  with  the 
cotuuil.  the  ponderous,  multitiered  structure  was  burdensome,  requiring 
more  labor  to  make  the  mechanism  work  than  ought  to  be  true  with  a 
properly  functioning  advisory  arrangement. 

After  several  years  of  operation  it  appeared,  to  the  author  at  least,  that 
the  advisory  structure  should  be  streamlined,  particularly  to  reestablish  its 
usefulness  to  the  division  levels  as  well  as  to  the  administrator. 

To  work  effectively  w ith  the  scientific  community  NASA  management 
considered  it  essential  to  have  scientists  both  in  headquarters  and  in  the 
craters,  center  scientists  also  being  experimenters  in  the  program.  1’nder 
the  circumstances  outside  scientists  found  themselves  both  allies  to  NASA, 
helping  to  plan  the  space  science  program  and  writing  and  speaking  in  its 
defense,  and  com  *x*ti  tors  to  the  agency  as  then  vied  with  scientists  in  the 
centers  for  sjxace  sc  ience  dollars  and  for  rich's  for  thei*  experiments  on  the 
satellites  and  space  probe's.  To  avoid  such  a situation,  representatives  of  :he 
Space  Science  Board  had  originally  urged  NASA  to  stick  to  engineering 
and  operations,  leaving  th**  science  entirely  to  the  universities  and  other 
outside  research  groups.  To  a number  of  persons  in  NASA  that  projxrst- 
tion  appeared  too  simplistic,  and  it  did  not  seem  that  engineers  bent  pri- 
marily on  producing  and  operating  space  hardware  could  alwavs  be  coun- 
ted on  to  work  effectively  with  the  ‘cietnists  without  some  internal  sc  ien- 
tific guidanc  e.  As  a consequence  the  agency  proceeded  to  build  up  a small 
collection  of  scientists  in  the  centers  and  in  headquarters.  To  avoid  sever? 
conflict  of  interest  for  center  scientists,  headouarters  was  gi*  en  the  task  of 
selecting  experiments  and  ex|K*rmimicrs  to  lx‘  suppind  in  the  sjrace 
sc  ience  program.  In  theory,  at  least,  themucr  experimenters  would  have  to 
coiii|x*fe  on  equal  terms  w ith  the  outside  sc  ientisis  for  sup?x>it. 

Experience  suggests  that  the  NASA  decision  in  this  matter  was  the 
right  one.  I he  difficulty  between  scientists  and  engineers  in  the  manned 
spaceflight  program  during  the  jxiuxl  of  haul  ware  development  and  tesi 
flights  showed  the  im|x»rtanct  of  having  a scientist's  ear  within  the  organ  i- 
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2a non.  10  which  outside  scientists  could  turn.  Struggles  with  Jet  Propul- 
sion Laboratory  engineers  made  the  same  point.  On  a more  positive  note, 
scientists  within  NASA  working  full-time  on  the  task  of  furthering  spate 
science  began  to  conceive  and  bring  into  being  highly  useful  spacecraft — 
like  the  Interplanetary  Mon » coring  Platform  and  the  Radio  Astronomy 
Explorer.  These  were  also  a boon  to  the  outside  scientists,  who  put  their 
experiments  aboard  such  spacecraft  but  could  not  have  afforded  the  time  to 
conceive  or  create  them. 

in  making  the  outside  scientific  community  such  an  important  part  of 
the  spaa,  science  program,  NASA  managers  had  to  recognize  certain  fun- 
damental facts.  For  one  thing,  continuity  of  support  to  a researcher  was 
essential.  Most  investigations  in  the  science  program  were  long  term.  Most 
vxperiirrmers  had  in  mind  an  important  problem  or  group  of  problems  to 
solve — concerning  the  upper  atmosphere,  or  interplanetary  spate,  or  the 
sun.  for  example — and  this  would  ut.ua l lv  require  many  years  and  many 
sets  of  measurements.  It  became  in*  umbetu  on  NASA  to  provide  continu- 
ing support  to  ;hese  investigators  and  *heir  groups  in  ord^r  that  they  might 
carry  the  :i  work  to  a proper  conclusion.  Since  many  of  the  experimenters 
were  in  univvrsiMes,  it  was  necessary  to  accommodate  funding  to  the  uni- 
versity* special  situation.  A sudden  withdiavvai  of  NASA  dollars  from  a 
university  research  group  funded  only  bv  NASA  could  be  catastrophic,  par- 
ticular, v for  students  working  toward  a degree.  The  step-funding  approach 
devised  by  NASA's  university  office  was  a highly  acceptable  way  of  fund- 
ing research  in  the  universities,  allow  ing  as  it  did  at  lean  two  full  years  to 
phase  dow  n a research  program  that  N ASA  could  no  longer  support. 

Continuity  of  support  te  investigators  also  called  for  NASA  to  follow 
through  on  productive  projects.  When  the  agency  had  created  an  especially 
effective  tool — like  Ranger  01  Surveyor — scientists  assumed  that  NASA 
would  make  that  tool  available  long  enough  foi  a reasonably  complete 
series  of  investigations.  This  is.  in  fact,  where  N ASA  had  some  of  its  most 
serious  confrontations  w ith  scientists.  In  the  scientists’  view  Ranger,  Lunar 
Orbiter.  and  Surveyor  were  all  nnmnafed  much  too  soon,  when  the  inves- 
tigators stilt  had  in  mind  a long  list  of  important  problems  on  which  to 
use  them. 

Th?  amortization  of  an  exfxmsive  development  over  a long  pericxl  of 
continued  use'  makes  gcxxl  economic  sense*.  The  follow-through  on  the 
scientific  invest  ig- itions  for  which  the  equipment  was  produced  in  the  first 
place  makes  good  scientific  sense",  l hai  was  the  very  reasoning  that  NASA 
later  applied  to  the  justification  of  the  Spat  e Shuttle. 

Related  to  continuity  of  support  was  *ht  scientists*  preference  for 
smaller  spacecraft  and  projects,  a preference  that  continued  in  evidence 
throughout  the  1960s.  With  small  spacecraft  of  relatively  shor*  lead-times, 
expenmentei s could  more  easily  follow  up  on  new  discoveries  than  thc\ 
could  with  large1,  complicated  spacecraft  which  t<x»k  man'  vrars  of  prepii 
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ration  and  which  to  a large  extent  turn*  an  investigation  into  a specific  line 
fora  considerable  time.  Moreover.  large  projects — like  Apollo  amt  Viking — 
were  very  exjx'nsive  and  in  limes  of  light  budgets  threatened,  sometimes 
actually  precluded,  smaller  projects.  Vet  some  investigations  required  die 
more  complex,  mote  exjjensive  s|xicecralt — like  planetary  landers  and  astro- 
nomic al  obscTvatories.  When  budgets  |xrtnitted  both,  the  scientific  com- 
munity usually  was  glad  to  have  the  more  versatile  s|>acenaft.  as  long  as 
supiioit  was  also  provided  for  the'  smaller  projects.  When  both  could  not 
be  stip|)oriecl.  it  is  safe  to  say  that  most  s|Kice  scientists  wotdd  opt  for  a 
varied  program  of  smaller,  cheaper  projects. 

On  the  whole  NASA  dealt  most  effectively  with  outside  scientists  in 
their  own  universities.  There  the  researchers  continued  their  teaching,  pro- 
ducing new  talent  and  drawing,  many  of  their  students  into  the  space 
science  program.  From  time  to  time  the  agency  considered  setting  up  spe- 
cial institute's  to  draw  investigators  more  closely  into  the  program.  But 
there  were  diffic  ulties  with  institute's.  An  institute  was  an  additional  source 
of  overhead  and  could  easily  tie  up  one-half  to  several  million  dollars  a 
year.  Moreover  institutes  could  create  undesirable  competition  with  the 
universities  for  top-notch  se  ientists.  who  might  better  Ik*  left  in  the  edtua- 
t tonal  system  :«  teach  the*  next  general  ion.  But  there  were  also  advantages, 
and  NASA  did  set  up  two  institute's.  i'he  first,  the  Goddard  Sjxice  Flight 
Center's  Institute  for  S|Mce  Studies  in  New  York  City,  was  a genuine  suc- 
cess primarily  Ixt  ause  of  its  director.  Roller!  Jastiow.  Bv  quic  kly  establish- 
ing dose  working  arrangements  with  nearby  universities  like  Columbia 
and  Princeton.  Jastrmv  drew  outstanding  doctoral  candidates  into  the 
institute  s program.  In  this  move  he  simultaneously  removed  the  element 
of  com|K'tition  with  the  universities,  replac  ing  it  with  a mutually  profita- 
ble jkii  int  i ship.  I ’he  lamai  Science  Institute  in  Houston  was  a more  cliff  i- 
i ult  pro|M)sitiou.  Although  regarded  as  a bexm  l>v  foreign  sc  ientists  work- 
ing with  the  A|m>IIo  program  and  although  useful  as  an  interface  lx*  tween 
the  sc  ientific  community  and  the  Johnson  Space  t kilter,  it  is  likely  that  its 
benefits  might  have  been  achieved  more  cheaply  some  other  way. 

Finally.  NASA's  tic's  did  not  stop  at  the  nation's  landers.  The  extensive 
program  of  international  coe>|xration  in  space  science  brought  with  it 
numerous  relationships  with  foreign  academies  of  science,  research  institu- 
tions. and  individual  scientists.  Flic*  effectiveness  of  the  international  sc  ience 
program  m.r.  lie  attributed  to  a few  guiding  princ  iple's  established  at  the 
start.  These  we  te:  to  engage  only  in  programs  of  genuine  substance'  and  of 
mutual  interest,  to  share  (not  necessarily  equally)  in  the  conduct  of  the 
program  without  .in  exc  hange  of  funds.  .aul  to  publish  the  results  in  the 
o|xn  literature.  In  a program  in  which  a nation  was  |xiying  its  own  way. 
the  coo|xrating  country  would  take  a dee|xr  interest  and  could  take  greater 
pride  than  in  one  for  which  (In'  I’nited  State  s |xiid  all  the  costs.  Ccx>|xra- 
I ion  with  the  Soviet  I’nion  was  always  diffic  ult.  Onlv  in  the'  1970s  when 
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the  USSR  felt  it  could  deal  with  the  United  States  on  more  or  less  equal 
terms  and  that  it  had  something  substantive  to  gain — as  in  the  Apollo- 
Soyuz  mission — did  the  difficulties  abate  somewhat.  In  the  mid-1970s  it 
remained  to  see  how  much  more  cooperation  with  the  Soviet  Union  would 
be  possible  in  the  approaching  era  of  space  shuttles  and  orbiting  space 
stations. 


The  Scientific  Process  and  Space  Science 

The  evolution  of  the  space  science  program  furnished  a good  example 
of  the  scientific  process  in  operation.  Out  of  advancing  technology  came 
rockets  and  spacecraft  w hich,  even  before  they  were  developed,  were  envi- 
sioned as  powerful  scientific  tools.  As  soon  as  large  enough  rockets  were 
available,  they  were  put  to  work  in  high-altitude  research.  When  the  space 
program  was  formally  established,  researchers  working  on  problems  of  the 
atmosphere  and  space  naturally  gravitated  to  the  new  tools,  Tlie  phrase 
space  science  came  to  mean  scientific  »esearch  made  possible  or  significantly 
aided  by  rockets  and  spacecraft. 

The  rapid  growth  of  research  stemmed  from  the  remarkable  range  of 
scientific  disciplines  to  which  rockets,  satellites.  and  space  probes  could 
contribute.  Although  many  space  science  results  would  have  practical 
importance  in  such  areas  as  meteorology,  geodesy,  aircraft  and  spacecraft 
design,  communications,  navigation,  and  earth-resource  surveys,  still  the 
field  was  largely  pure  science,  pursued  primarily  to  advance  man  s knowl- 
edge and  understanding  of  his  universe.  It  »s  pertinent,  then,  to  ask  how- 
space  science  affected  science,  particulars  the  disciplines  to  which  it  could 
best  contribute. 

Particularly  noteworthy  was  the  progress  made  in  the  earth  and  plane- 
tary sciences.  Here  the  impact  of  space  science  was  profound,  generating  a 
fruitful  partnership  among  astronomers,  physicists,  and  earth  scientists. 
No  longer  was  the  geophysicist  confined  to  a study  of  only  one  body  of  the 
solar  system.  No  longer  was  the  study  of  the  planets  solely  a venture  of  the 
astronomers.  The  dearth  of  new-  oata  that  had  led  planetary  studies  into  the 
doldrums  and  even  disrepute  among  astronomers,  gave  way  to  a sudden 
flood  of  new  information  that  reawakened  the  astronomer  s interest.  Geo- 
physical, geochemical,  and  geologic  data  on  the  moon  and  planets  that 
poured  in  from  astronauts  and  instrumented  spacecraft — Explorers,  Mari- 
ners, Pioneers.  Rangers.  Surveyors,  and  Lunar  Orbiters — afforded  earth  scien- 
tists the  opportunity  to  begin  the  serious  development  of  a science  of  com- 
parative planetology. 

Equally  exciting  was  progress  in  space  astronomy,  where  rockets  and 
satellites  made  possible  the  observation  of  the  sun  and  the  cosmos  in  wave- 
lengths not  observable  at  the  ground.  Inasmuch  as  current  theories  of  the 
origin,  evolution,  and  demist1  of  celestial  objects  indicated  that  most  of  the 
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information  on  these  objects  would  be  manifested  in  the  hitherto  hidden 
wavelengths,  rockets  and  satellites  were  in  a position  to  make  a tremen- 
dous contribution  to  astronomy,  particularly  in  a period  when  there  were 
many  fundamental  questions  to  answer  in  connection  with  phenomena 
such  as  radio  and  Seyfert  galaxies,  galactic  nuclei,  quasars,  pulsars,  neutron 
stars,  and  black  holes  in  space.  The  expectations  were  borne  out  in  the 
ultraviolet  and  x-ray  measurements  of  the  sun,  and  in  the  discovery  and 
investigation  of  hundreds  of  x-ray  sources  in  the  sky.  The  solar  observa- 
tions produced  a number  of  surprises,  particularly  the  x-ray  pictures  show- 
ing considerable  structure  in  the  solar  corona.  As  for  celestial  x-ray  sources, 
they  introduced  a new  field  of  high-energy  astronomy  which  no  one 
doubted  would  be  intimately  involved  in  answering  important  questions 
about  fundamental  processes  in  the  universe. 

As  for  the  life  sciences,  the  most  significant  results  came  from  the 
manned  spaceflight  program,  from  biomedical  studies  that  have  not  been 
dealt  with  in  this  book.  With  increasing  productivity,  Gemini.  Apollo,  and 
Skvlab  all  contributed  to  an  understanding  of  the  effects  of  prolonged 
exposure  to  the  space  environment,  particularly  weightlessness,  on  human 
physiology  and  performance.  In  contrast,  during  the  1960s  exobiology- 
remained  earthbound.  No  indigenous  life  was  found  on  the  moon,  nor  was 
any  chemical  evolution  toward  the  formation  of  life  found.  Even  in  the 
mid-1970s,  after  two  Viking  landers  failed  to  detect  any  evidence  of  life  on 
Mars,  the  question  of  life  on  the  Red  Planet  remained  open. 

Surveying  what  was  accomplished  in  space  science  in  its  first  decade 
and  a half,  it  is  clear  that  the  rocket  and  spacecraft  were  revolutionary 
tools,  making  possible  researches  that  could  not  have  been  carried  out 
without  them.  Great  quantities  of  valuable  data  flowed  from  space-borne 
instrumentation,  and  innumerable  discoveries  were  made,  greatly  extend- 
ing and  enriching  scientific  par  digms  in  earth  and  planetary  sciences  and 
in  astronomy.  In  the  broadest  terms,  however,  the  paradigms  of  space 
science  in  the  mid-1970s  were  compatible  with  those  of  the  1950s,  in  that 
no  change  in  fundamental  physical  concepts  and  laws  had  been  forced  by 
the  discoveries.  From  this  point  of  view,  then,  the  first  decade  and  a half  of 
space  science  was  normal  science. 

But  a more  restrictive  view  is  perhaps  more  appropriate.  Within  indi- 
vidual disciplines  many  scientists  regarded  space  science  as  revolutionary. 
A case  in  p>oint  was  the  abandonment  of  what  had  previously  been  accepted 
as  the  basic  hypothesis  of  geodesy,  and  the  rise  in  importance  of  spherical 
harmonic  techniques  in  the  study  of  the  earth’s  gravitational  field.  There 
were  other  minirevolutions.  One  was  from  the  discovery  of  the  earth’s 
magnetosphere,  not  suspected  beforehand,  and  the  emergence  of  a new  dis- 
cipline of  magnetospheric  physics.  Knowledge  of  the  extensive  evolution  of 
the  lunar  surface  after  its  formation  produced  a revolutionary  change  in 
the  lunar  paradigm.  Perhaps,  too,  the  discovery  and  characterization  of 
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celestial  x-ray  sources,  which  had  been  missed  in  previous  astrophysical 
theory,  presaged  a revolutionary  change  in  astrophysical  paradigms. 

Fotvre  Course 

Vannevar  Bush  characterized  science  as  the  "endless  frontier/*  Science 
showed  space  to  be  another  endless  frontier.  The  allure  of  these  two  in 
combination  imparted  a natural  impetus  to  space  science  in  its  early  years. 
Benefiting  from  the  powerful  political  forces  of  the  Cold  War  and  the  con- 
cern generated  in  the  United  States  by  the  Soviet  launching  of  Sputnik  in 
October  1957,  scientists  in  the  United  States  were  given  resources  by  the 
nation  sufficient  to  tackle  an  impressive  array  of  problems  not  previously 
tractable.  By  the  time  of  the  Apollo  missions  the  number  of  space  scientists 
around  the  world  had  risen  into  the  thousands. 

But  so  vast  a subject  as  science  in  space  and  the  science  of  space  could 
hardly  be  more  than  touched  upon  in  one  or  two  decades.  While  inag- 
netospheric  physicists  might  speak  of  their  results  in  the  investigation  of 
Earth  s magnetosphere  as  comprehensive,  not  one  would  think  of  the  sub- 
ject as  closed.  There  still  remained  in  the  early  1970s  the  problem  of  under- 
standing the  processes  and  complex  interrelationships.  Also  there  weie  the 
magnetospheres  of  the  sun  and  Jupiter,  and  perhaps  of  other  planets,  to 
investigate,  the  study  of  which  would  inevitably  turn  attention  to  the  mag- 
netospheres of  stars  and  planets  beyond  the  solar  system. 

While  comparative  planetology  had  quickly  revolutionized  the  earth 
sciences,  expanding  their  scope  from  Earth  to  the  solar  system,  here  again 
the  new  discipline  had  hardly  reached  its  adolescence  as  unmanned  space- 
craft of  the  1970s  began  their  probing  of  the  major  planets  and  their  satel- 
lites. Other  decades  would  have  to  pass  before  comparative  planetology 
could  be  said  to  have  matured. 

Although  the  failure  fo  find  life  on  Mars  in  the  first  Viking  missions 
was  disappointing,  tt  seemed  clear  that  interest  in  exobiology  would  con- 
tinue. For  one  thing,  many  scientists  believed  that  the  processes  leading  to 
the  formation  of  life  are  inexorable,  and  that  there  must  be  innumerable 
examples  of  extraterrestrial  life  to  be  discovered  if  only  one  knew  how  to 
find  them.  This  belief  would  lead  to  various  schemes  to  communicate  by 
electromagnetic  means  with  living  beings  beyond  the  solar  system.  Within 
the  solar  system,  even  if  only  Earth  had  living  beings,  still  the  chemical 
evolution  of  the  other  planets  and  satellites  would  lx*  important  in  study- 
ing evolutionary  steps  toward  life. 

With  the  discovery  of  x-ray  sources,  space  sc  ience  made  a unique  con- 
tribution to  the  newly  emerging  field  of  high-energy  astronomy.  While 
some  might  label  the  evolution  of  x-ray  astronomy  in  the  19b0s  as  revolu- 
tionary, others  would  feel  that  the  most  significant  contributions  of  space 
astronomy  still  lay  ahead. 

no 
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Thus,  space  science  in  ihe  1970s  retained  a considerable  momentum, 
with  the  prospect  of  challenging  and  important  problems  to  work  on  for 
the  foreseeable  future.  For  a few  years  the  diminishing  urgency  of  the  space 
program  appeared  to  pose  a threat  to  space  science.  But.  with  the  decision 
to  proceed  with  the  development  of  the  Space  Shuttle,  a renewed  commit- 
ment to  space  science  seemed  ensured.  It  would  not  be  an  easy  rtxtd,  and  all 
the  signs  indicated  that  in  the  future  the  need  for  specific  space  projects 
would  be  carefully  weighed  by  both  administration  and  Congress.  But  few 
doubted  that  the  program,  including  spate  science,  would  continue  at  some 
pace.  Indeed,  there  seemed  little  doubt  that  at  some  time  men  would  land 
on  the  planets,  as  they  had  once  landed  on  the  moon. 
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Membership  of  Rocket  and  Satellite  Research  Panel 


V'2  Upper  Atmosphere  Panel  and  V-2  Upper  Atmosphere  Research  Panel  until  March  1948,  From  March  1948  until  29  April  1957,  Upper 
Atmospher*  Racket  Research  Pane!.  Alter  29  April  1957,  Rocket  and  Satellite  Research  Panel  The  panel  never  disbanded;  in  I960  it 
simply  cc  . .4  aerating. 
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(For  27  Feb.  1946  Meeting) 


Distribution 

{$•)  Dr.  W C.  Dow 

Dept,  of  Electrical  Engr. 
University  of  Michigan 
Ann  Arbor,  Michigan 

(S)  Director 

Evan*  Signal  Laboratory 
Bel  mar.  N .J. 

Attn:  Dr.  M.  J.  E.  Golav 

(S)  Dr.  Charles  F.  Green 
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(3)  Dr.  k.  H.  Kingdon 
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Schenectady.  N.Y. 

(3)  Major  E.  kotcher 
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Washington.  DC. 
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Schenectady.  N.Y. 
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Princeton  Tniversitv 
Princeton.  N J. 
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(3)  Dr.  Calvin  N.  Warfield 
NACA 

Langley  Fieki  Virginia 

(3)  Dr.  J.  A.  Van  Allen 

Applied  Physics  Laboratory 
Johns  Hopkins  University 
Silver  Spring,  Mary  land 

(3)  Dr.  Fred  L.  Whipple 

Harvard  College  Observatory 
60  Garden  Street 
Cambridge,  Mass. 

( 1 ) Commanding  Officer 

Signal  Qjrps  Engineering  l^abs. 
Brad  lev  Beach.  N.J. 

Ann  Lt.  Col.  H.  A Tahl 

(2)  Dr  R.  W.  Porter 
General  Electric  Co. 

Aero.  .iikI  Marine  r ug.  Div. 
Schenectady.  N.Y. 

( l ) Dr.  S.  Ramo 

General  Electric  Co.  Rep. 
Guggenheim  Aeronautical  lab. 

Cal.  Inst,  of  Tech. 

Pasadena.  Cal. 

(I)  Mr.  J.  M.  McAllister 
c o C.  J.  Thompson 
White  Sands  Proving  Grounds,  N.M 

(6)  Office  of  Research  and  Invention 
Navv  Department 
Washington  25.  D.Cl 
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Navy  Dept.. 

Washington  25.  D C, 

Attn:  (ole  Op-06 
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( ! ) The  Chief  of  (he  Bureau  of  Ships 
Navy  Department 
W,t>ln«|{ioo  2.V  DC. 

Attn:  (ink*  .130 
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Njv\  Department 
Washington  *5,  IVC 
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Navy  Department 
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Joint  CTnefs  of  Staff 
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(2)  The  Director 
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Washington  23.  DC 
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Rocket  and  .Satellite  Research  Panel  Minutes 

(For  31  May  1966  Meeting) 

(A) 


Distribution 

[i)  Mr.  W.  W.  Beming 
Ballistic*  Research  Lab. 
Aberdeen  Proving  Ground 
Maryland 

(1)  Dr.  L A.  Debasso 
Ballistics  Research  Lab. 
Aberdeen  Proving  Ground 
Maryland 

(2)  Dr.  W G.  Do* 

University  of  Michigan 
Dept,  of  Elec.  Engineering 
.Ann  Arbor.  Michigan 

(3)  Dr.  Charles  F.  Gnre.i 
207  Highgate  Rd. 

Ithaca,  N Y. 

( 5 ) Mr.  L.  M.  Jones 

University  of  Michigan 
Enginnnng  Research  Institute 
Ann  Arbor.  Michigan 

;7)  Dr.  H.  E.  Newell.  Jr. 

Naval  Research  Laboratory 
Rocket  Sonde  Research  Section 
Code  7150 
Washington.  D C 

(1)  Commander 

AF  Cambridge  Research  Center 
224  Albany  St. 

Cambridge.  Mass. 

Aun  CRHU  Dr  M D O Dav 

( I ) Dr.  W’.  H.  Pickering.  Director 
Jet  Propulsion  Laboratory 
4800  Oak  Grove  Drive 
Pasadena  3.  California 

(I)  Mr.  W\  G.  Stroud 

Signal  Corps  Engr.  Laboratory 
Belmar.  New  Jersey 

(1)  Mr  J W Townsend 

Naval  Research  Laboratory 
Rocket  Sonde  Research  .Section 
Code  7130 
W’ashington.  DC 


(3)  Dr.  j.  A Van  Allen 
State  University  of  Iowa 
Dept,  of  Physics 
Iowa  City.  Iowa 

(2)  Dr.  Fred  L.  Whipple 

Harvard  College  Observatory 
60  Garden  Sl 
Cambridge.  Mass. 

(1)  Office.  Chief  of  Ordnance 
Research  lr  Development  Div. 
Rocket  Branch 
Washington  25.  D.C 

Attn:  CM.  CW,  Eifler,  ORDTU 

(2)  Commander 

AF  Cambridge  Research  Center 
224  Albany  St. 

Cambridge  39.  Mass. 

Aim:  Mr  P.  H.  Wyes  off 

(6)  Office  of  Naval  Research 
Navy  Department 
Washington  &,DC 

(3)  Chief  of  Naval  Operations 
Navy  Department 

W ashington  25.  D.C 

fl)  Chief  of  the  Bureau  of  Ships 
Navy  Depan  men  i 
Washington  25.  D.C 
Attn:  Code  320 

( I > Chief  RuAer 

Navy  Department 
Washington  25.  DC 
Attn:  Aer-Sl-5 

(3)  The  Chief  of  the  Bu  of  Old. 
Navy  Department 
Washington  25.  D C 

Also  Codes  RE-9 
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(1)  Coordinating  Committee  on 
Guided  Missiles 
Office.  Assistant  Sccmerv 
of  Defense  (RAD) 

Room  3£IS0  The  Pentagon 
Washington  25,  D C 

(I)  Coordinating  Committee  on 
General  Sciences 
Office,  Assistant  Secretar* 
of  Defense  {RAD) 

Room  3D  137  The  Pentagon 
Washington  25.  D.C 

(6)  Headquarters  TSAF 

Director  of  Research  A Development 
Attn:  Research  Div.  {AFMRS-4) 
Washington  25.  D.C 

(3)  Commander 

AF  Cambridge  Research  Center 
22f  Albany  St 
Cambridge  39,  Mass. 

Attn  Dr  H D Edwards 

Mr  R A Minrner.  CRHMS 
Mr.  R.  M.  Slavin 

{\\  Commander 

AF  Cambridge  Research  Center 
224  Albany  St. 

Cambridge  39.  Mass. 

Attn:  CRHLP 

(4)  Commander 

Wrif^-w  Air  Development  Center 
A«k  WCLDE 

Wrigm-Paumon  AFB.  Ohio 

(1)  Cotpr^wnder 

Air  Research  A Development 
Command 
Atm:  RDTRG 
P O Box  1395 
Baltimore  3,  Maryland 

(I)  Commanding  Officer 

US.  Naval  Ordnance  Missile 
Test  Facility 

W’hitc  Sands  Proving  Ground 
lar  Cruces,  New  Mexico 

(1)  Prof.  B.  Gutenberg 
California  Inst,  of  Tech. 

Pasadena,  talifomu 


(I)  NRL  Project  Officer 

U S.  Naval  Ordnance  Missile 
lest  Facility 

White  Sands  Proving  Ground 
Las  Cruces,  New  Mexico 

(!)  Commanding  General 

W'hite  Sands  Proving  Ground 
Las  Cruces,  New  Mexico 
Atui  Technical  Staff. 

Dr.  W.  H.  Clohessy 

(I)  Chief  of  Naval  Research 
Department  of  the  Navy 
Washington  25.  D.C 
Attn:  Code  463 

(I)  Office  of  Chief  Signal  Officer 
Engr  A Technical  Division 
National  Defense  Bldg. 
Washington  25.  D.C 
Ann:  S1GGG-M 

(I)  Mr.  A.G.  McNish 

National  Bureau  of  Standards 
Room  302.  The  Manse 
Washington  25,  D.C 

(I)  Commander 

Air  Wearier  Service 
MATS,  USAF 
Attn:  Directorate  of 

Scientific  Services 
Washington  25.  D.C 

(l)  Scientific  Services  Division 
VS.  Weather  Bureau 
Washington  25.  D.C 

(i)  Commander 

6560th  Test  Squadron  (Special) 
Holloman  Air  Dev  Center 
Holloman  Air  Force  Base 
New*  Mexico 

(1)  Commander 

W' right  Air  Development  Center 
Attn:  WrESM  (AB  F under  burg) 
Wfright-Patterson  AFB,  Ohio 

0)  Chief 

Army  Field  Forces 
Ft.  Monroe,  Virginia 
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( I )  Office  of  Ordnance  Research 
U.S.  Army 

Box  CM,  Duke  Station 
Durham.  N.C. 

Ann:  Dr.  S.  Githens 

Physical  Sciences  Div. 

(1)  Professor  J.  Kaplan 
University  of  California 
Dept,  of  Physics 
Los  Angeles  24.  California 

( I ) University  of  California 
Institute  of  Fngr.  Research 

206-  n 

Berkeley  4.  California 
Attn:  Mr.  CL  J.  Maslach 

(1)  Mr  I B Walker 

Liquid  Fngme  Division 
Aerojet  General  Corporation 
Azusa.  California 

(3)  Dr.  Smith  J-  DeFrante 
Director 

NACA.  Ames  Aeronautical  Laboratory 
Moffett  Field.  California 

{ l ) Dr.  W.  W.  Kellogg 
The  Rand  Corporation 
1700  Main  St. 

Santa  Monica.  California 

{ 1 ) Radio  Propagation  Physic's  Div. 
National  Bureau  of  Standards 
Boulder.  Colorado 
Attn:  Upper  Atmosphere 
Research  Section 

(1)  Mr.  N.  W.  Spencer 

University  of  Michigan 
Dept,  of  Electrical  Fngr. 

Ann  Arbor.  Michigan 

(I)  Dr  II  A.  Zahl 

Director  of  Research 

Signal  COrps  Engineering  L,ab. 

Fort  Monmouth.  New  Jerses 

(1)  Dr,  H W Batchelor 
Camp  Detrick 
Frederick,  Man  land 


(4)  COlonel  H.  C.  Beaman 

AF  Dev.  Field  Representative 
Applied  Physics  Laboratory' 

Johns  Hopkins  University 
Silver  Spring.  Mary  land 

(1)  Mr.  H.  F.  Norton 

Building  I.  Pr.  Grd.  Div. 

Arms  Medical  Center 
Maryland 

(1)  The  Commanding  Officer 
U S.  Naval  Pros  ing  Ground 
Dahlgien.  Virginia 

(2)  Mr  W.  J.  O'Sullivan 
Pilotless  Aircraft  Res.  Div. 

Singles  Aeronautical  Lab 
Langles  Field.  Virginia 

(1)  Director  of  laboratory 
Watertown  Arsenal 
Watertown.  Mass. 

Ann:  Col  P.  Gillon 

(!)  Prof  S.  Fred  Singer 
Dept,  of  Physics 
University  of  Man  kind 
College  Park,  Maryland 

(3)  British  Washington  Guided 

Missile  (Om.niitee 
British  Joint  Services  Mission 
1800  K St..  NAV. 

Washington.  D C. 

Attn:  Mr.  G.  L.  Hutchinson,  Seer. 

(IIC.S.  Marine  COrps 

C •uided  Missile  Liaison  Officer 
Naval  Ord.  Missile  Test  Facility 
While  Sands  Proving  Ground 
l .as  Cruces.  New  Mexico 

(li  Mr.  1.  M Levitt.  Director 
I he  Fels  Platretarium 
Franklin  Institute 
Philadelphia,  Pa. 

(\)  Dr  Wernher  Von  Braun 
Redstone  Arsenal 
Huntsville.  Alabama 
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(I)  Mr.  R.  P.  Haviland 
Grnfnil  Ehirit  Co. 

Missile  & Ordnance  Systems  Dept. 
5198  Chestnut  St. 

Philadelphia.  Pa. 

( l ) Mr.  G.  K.  Megerian 
General  Electric  Co. 

Aircraft  Accessory  Turbine  Dept. 
950  Western  Ave. 

Lynn.  Mass. 

{\)  Dr.  S.  Chapman 

Geophysical  Institute 
Citllfge.  Alaska 

(1)  Professor  H.  S.  \V.  Masses 
I’niversiiy  College  London 
Gower  Street  WC1 
London.  England 

(I)  Dr.  VV.  J.  G.  Bey  noil 
Dept,  of  Physics 
Lniversitv  College,  Swansea 
Great  Britain 

( I ) Prof.  K.  A.  Paneth 

Max-Planck-Institut  for  C'hemie 
Mauu  Rhein 
Saarstrasse  25 
Western  Germans 

tl)  Dr.  M.  Xicolet 

Geophysical  Year  Serretanat 
5 Avenue  Can  u la  ire 
iCCLE.  Belgium 

( 1 ) Professor  l Vassey 

Physique  de  V Atmosphere 
1 Quui  Branlv 
Paris,  France 


(D) 

(1)  Mr.  J.  B.  Kendrick 

Aerophvsics  Development  Corp. 

P.  O.  Box  257 

Pacific  Palisades,  California 

( 1 ) Chief  of  Naval  Operations 
(OP-51) 

Department  of  the  Navy 
Washington  25.  D.C. 

(2)  Capt.  J.  M.  Armstrong.  R.A.N. 
Defence  Puxliution  and  Supply 

Representative 
Australian  Embassy 
Washington.  D.C. 

(2)  Dr.  H.  Itokawa 

Institute  of  Industrial  Science 
rniversity  of  Tokyo 
Chiba  City,  Japan 

(2)  Dr.  D.  C.  Rose 

National  Research  Canine  il 
100  Sussex  Drive 
Ottawa.  Canada 

(l)  Dr.  H.  D.  Edwards 

Lex  kheed  Aircraft  Corp. 
Engineering  Division 
Marietta.  Georgia 

(5)  Col.  Richard  C.  Gibson 
IX IS  Operations 

Holloman  Air  Development  On  ter 
Holloman  Air  Force  Base 
New  Mexico 
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Meetings  of  Rocket  and  Satellite  Research  Panel 


Meeting 

Date 

Hair 

Remarks 

0 

1 6 Jail.  lb 

NRl. 

Preliminary,  exploratory  discussion. 

1 

27  F«*b  0) 

PI 

Organizing  meeting. 

2 

27  Miii.  \U 

NRl. 

3 

21  Apr  In 

NRL 

Now  railed  V*2  Cpper  Atmosphere  Panel.  Panel  begins  practice  oC  hearing  reports  on  firings 
and  researt h results. 

1 

'i  June  10 

API . 

!> 

9 July  If) 

(»K 

b 

r>  Sept.  lb 

\VL 

Now  called  V*2  rpper  Atmosphere  Research  Panel. 

7 

i Nov  10 

LSI. 

8 

28  J.iii  17 

NRl. 

9 

2r>  Mai  17 

PF 

JRDB  requests  long-range  plans  from  panel. 

10 

7 May  17 

APL 

II 

3 |ul>  17 

WSPC 

J2 

1 On  17 

C»F 

Arrobee  test  firings  have  started.  Panel  promotes  symposium  on  high-altitude  physical  re- 
search by  rockets,  to  lie  held  at  American  Physical  Society  meetings  in  Chicago,  29-31 
Dec . IW. 

13 

29  Dec  17 

Chi. 

Krause  resigns;  Van  Allen  elected  chairman.  Office  of  Chief  of  Ordnance  proposes  panel 
consider  broadening  its  sco|x\ 

M 

28  Jan.  18 

NRL 

15 

18  Mar.  18 

FRL 

Name  changed  to  I'pfier  Atmosphere  Rocket  Research  Panel 

16 

28  Apr  IK 

LSI. 

17 

lf»  June  18 

API 

18 

29  Sept  18 

vvspc; 

19 

r>  Jan.  19 

err 

20 

21  Apr  19 

I'M 

Van  Allen  has  been  using  Aerobees  fired  from  shipboard  to  extend  geographic  coverage  of  his 
research. 

21 

1 Auk  *9 

HCO 

Viking  development  is  under  way,  and  a first  firing  has  been  made. 

22 

20  Ou  19 

NRL 

23 

11  Fi  b.  f>0 

API. 

Am  \ nix  C 


24 

20  Apr.  50 

NRL 

Panel  plans  a coordinated  set  of  high-altitude  temperature  experiments. 

25 

14  June*  50 

VC 

Sydney  Chapman,  British  scientist,  attends. 

26 

8 Sept.  50 

GE 

Future  research  requirements  and  need  for  higher  altitude  vehicles  considered. 

27 

31  Jan.  51 

NRL 

28 

25  Apr  5, 

NRL 

Panel  begins  discussions  that  lead  to  publication  of  panel  paper  on  properties  of  upper 
atmosphere  in  Physical  Review . 

29 

1 1.  15  Aug.  51 

CRI 

Panel  conducts  seminar  on  properties  of  atmosphere  at  high  altitudes.  Panel  has  been  giving 
extensive  consideration  to  sounding  rocket  firings  at  other  locations  than  White  Sands;  Fort 
Churchill,  Canada,  is  one  of  the  possibilities  being  considered. 

30 

24  Od.  51 

UCh 

31 

8 Jan  52 

SCI 

32 

30  Apr.  52 

MN 

Panel  plans  to  accept  invitation  from  Cassiot  Committee  to  join  symposium  on  upper  atmos- 
phere at  Oxford  in  August  1953. 

33 

7 Oct  52 

TN 

Van  Allen  reports  on  use  of  balloon- launched  rockets,  called  Rockoons.  Panel  is  planning  a 
symposium  on  rocket  ionospheric  studies. 

31 

29,  30  Jan.  53 

PAFB 

35 

29  Apr.  53 

IN 

Panel  is  going  in  depth  into  plans  for  coordinated  northern  latitude  firings. 

3b 

7 On  53 

afcrc; 

Panel  reviews  results  of  international  symposium  on  upper  atmospheric  research  held  at  Ox- 
ford the  preceding  August.  Panel  disc  usses  participation  in  IGY. 

37 

1 Feb.  54 

MN 

Special  Committee  for  the  IGY  (SCIGY)  to  work  on  Arctic  firings  is  appointed. 

38 

29  Apt  54 

MN 

Plans  progressing  for  IGY  rocket  program. 

39 

M.  9 Sept.  54 

NRL 

Panel  develops  budget  for  IGY  program. 

40 

3 Feb.  55 

JPl 

Panel  votes  to  offer  SCIGY  to  Technical  Panel  cm  Rocketry  of  National  Academy  of  Sciences. 

41 

2 June  55 

IN 

Panel  data  on  upper  „ mosphere  has  been  used  in  preparing  proposed  extension  to  ICAO 
Standard  Atmosphere  used  in  aeronautical  design  work. 

42 

27  On  55 

BRL 

Van  Allen  reports  on  Rockoon  firings  in  auroral  zone.  Panel  is  planning  symposium  on 
sc  ientific  uses  of  earth  satellites. 

43 

26,  27  Jan  56 

I’M 

Symposium  on  sc  ientific  uses  of  earth  satellites. 

44 

31  Mav  56 

P 

Panel  hears  re|x>rts  on  Japanese,  Australian,  British,  and  French  rocket  programs.  IGY  satel- 
lite plans  are  discussed. 

45 

17  I . 56 

NRG 

Rocket  firings  are  under  way  at  Fort  Churchill. 

16 

29  Apr . 57 

NRI. 

Panel  changes  its  name  to  Rcxket  and  Satellite  Researc  h Panel. 

17 

19  Sept.  57 

AFCRC 

Committee  on  the  Occ  upation  of  Outer  Space  formed. 

18 

1 I,  II  Nov.  57 

I'M 

Meeting  devoted  to  rejjorl  of  COS,  and  to  discussion  of  future  of  RSRP. 

19 

0 1)<<  57 

NAS 

Meeting  devoted  to  planning  RSRP  s promotion  of  a National  Space  Establishment.  Panel  has 
Ixen  enlarged— about  double. 

50 

19  I)e< . 57 

rc;h 

Meeting  devoted  to  planning  RSRP  s activity  in  support  of  National  Space  Establishment. 

51 

8 Jan. 58 

NAS 

Meeting  devoted  to  the  promotion  of  National  Space  Establishment. 

52 

14  Feb.  58 

MN 

Meeting  hears  reports  of  progress  on  promoting  National  Space  Establishment. 

Mm  ini. soi  RSRP 


Meetings  of  Rocket  and  Satellite  Research  Panel — Continued 


Meeting 

Date 

Plate 

Remarks 

5S 

•>  Api . r>« 

NAS 

51 

‘H>  Lin.  v.l 

NASA 

Panel  discusses  its  future  role;  decides  on  series  of  colioquia. 

i I9VI— 1 i 

.V) 

io  Apt  VI 

NASA 

Colloquium  on  Van  Allen  Radiation  Be  it. 

Vi 

I 5 J une  59 

NAS 

Sym posiuin  on  IGY  rex  ket  and  Satellite  results. 

1 1 :«i 

r>7 

(i  Nov.  59 

NAS 

Colhxjuium  on  ionosphere. 

{I9VI—  \) 

c I0#»0 — 1 > 
VI 

{ I960 — 2) 

17  Feb.  60 

CM 

Colloquium  on  magnetic  storms  and  their  relation  to  rcxket  and  satellite  research.  Panel 
adopts  formal  constitution. 

18.  19  May  60 

SH  Review  of  panel  firings  and  results, 

PANF.L  SUSPENDS  OPERATIONS 

( 1968 — 1 ) 

2 Feb.  68 

jpi. 

Primarily  to  renew  acquaintances.  Secretary  proposes  to  turn  over  panel  files,  when  he  finishes 
with  them,  to  National  Air  and  Space  Muse  um,  Smithsonian  Institution,  for  archiving. 

AHiRC  = Air  Force  Cambridge  Research  Outer. 

API*  = Applied  Physio  l*abo:  uory.  Johns  Hopkins  Univcrsiiy,  Silver  Spring,  Maryland. 
BRL  - Ballistic  Research  laboratories,  Aberdeen  Proving  (.round,  Aberdeen,  Maryland. 
Chi.  = Chicago 

CI  T * ( V 1 ilornia  Institute  of  Technology. 

KR1.  « Klee  ironie  s Researc  h laboratories.  Watertown,  Massachusetts. 

KSI.  - Kvans  Signal  laboratory,  New  Jersey. 

GK  - General  Elec  tric  Company,  Sc  henec  tady,  New  York. 

I ICO  « Harvard  College  Observatory.  (41  in  bridge.  Massachusetts. 

ICAO  = International  Civil  Aviation  Organization. 

JPL  * Jet  Propulsion  laboratory,  Pasadena,  C 41 1 ilornia. 

MX  * Main  Navy  Building,  Washington,  D C:. 

NRL  = Naval  Research  Laboratory.  Washington.  D.C. 


PAKB  = Patric  k Air  Force  Base,  Florida. 

PF  = Patterson  Field,  Dayton.  Ohio. 

PU  = Princeton  University. 

SH  = Statler-Hilton  Hegel,  Boston,  Massachusetts. 

SCI  = State  University  of  Iowa,  Iowa  City,  Iowa. 

TN  - T-3  Navy  Building,  Washington,  D.C. 

I’Ch  = rnivmity  of  Chicago. 

rC  * University  of  Colorado. 

lTM  * University  of  Michigan. 

URI  - University  of  Rhode  Island. 

WL  = Watson  Laboratory,  Cambridge,  Massachusetts 
WSPG  = White  Sands  Proving  Ground,  Las  Cruces,  New  Mexico. 
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Appendix  D 

RSRP  Proposals  for  a National  Space  Program 


A National  Mission  io  ;«:vps.ofcr  Ot  h r Spack 
A Proposal  by  ihe  Rex  kei  and  Satellite  Resean  h Panel 


Mission 

In  the  interest  of  human  progress  and  our  national  welfare,  it  is  proposed  that  a na- 
tional project  be  established  with  the  mission  of  carry  mg  out  the  scientific  exploration  and 
eventual  habitation  of  outer  space.  It  is  imperative  that  the  nation  do  so  to  increase  its 
scientific  and  technological  strength. 

The  present  state  of  rocket  technology*  makes  it  possible  to  initiate  such  a project  First 
steps  in  this  direction  are  already  being  taken  in  the  form  of  rocket  soundings,  the  devel- 
opment of  long  range  missiles,  and  the  launching  of  artificial  earth  satellites.  These  first 
steps  will  inevitably  be  followed  by  attempts  to  place  man  in  space.  It  is  only  proper  for  this 
country  to  establish  its  leadership  in  this  direction. 

To  carry  out  the  objectives  of  the  stated  mission  it  recommended  that  a National 
Space  Establishment  be  created.  This  Establishment  in  carry  ing  out  its  mission  shall  have 
the  authority,  responsibility,  and  accountability  «o  conduct  the  theoretical,  experimental, 
developmental  and  operational  work  necessary  , making  best  use  of  the  academic,  industrial 
and  military  resources  of  the  nation. 

Significance  and  Nature  of  the  Mission 

The  proposed  mission  is  of  the  broadest  significance  to  our  people.  Both  the  perfor- 
mance and  the  accomplishments  will  produce  a benefic  ial  impact  on  the  life  of  the  nation. 
The  mission  encompasses  the  most  advanced  aspects  of  research  and  engineering  on  the  one 
hand  and  a great  promise  of  practical  benefit  on  the  other.  Some  of  the  fields  of  research 
and  engineering  involved  are:  materials,  propulsion,  electronics  and  communications, 
meteorology,  the  life  sciences,  psychology,  physics,  chemistry,  geo-physics,  astronomy, 
astrophysics,  astronautics,  and  cosmology  . In  fact,  virtually  all  aspects  of  our  technology 
and  science  will  contribute  to  and  profit  from  the  effort  required  to  carry  out  the  mission. 

The  project  will  lead  to  both  foreseeable  and  unpredictable  applications.  For  example, 
weather  patrol  sateili'fs  providing  a basis  for  vastly  improved  long  and  short  range  weather 
forecasting  will  be  important  to  agriculture,  commerce,  industry,  military  operations,  and 
the  saving  of  life  and  property.  Satellite  radio  relay  stations  will  make  possible  continuous 
dependable  global  communications  networks.  It  is  to  be  expected  that  new  and  improved 
energy  sources  will  be  developed.  One  of  the  most  important  practical  contributions  w ill  be 
the  stimulation  of  science  education  in  our  country  and  throughout  the  free  world. 


Organization  of  the  Mission 

It  is  essential  that  the  National  Space  Establishment  be  scientific  in  nature  and  in 
concept  and  be  under  civilian  leadership  and  direction.  It  should  be  organized  within  the 
Executive  branch  of  the  Government  taking  full  account  of  the  requirements  of  the  De- 
partment of  Defense  in  the  field  of  space  research  and  engineering  to  insure  that  the  Na- 
tional Space  Establishment  contributes  its  maximum  to  the  national  security.  The  Estab- 
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iishtnent  should  be  staffed  and  operated  on  the  basis  of  a salary  and  wage  scale  suitable  to 

its  needs. 

The  National  Space  Establishment  must  have  within  its  own  structure  a strong,  expe- 
rienced staff  with  the  necessary  facilities  for  the  research,  development,  and  operations 
necessary  to  maintain  competency  in  the  full  range  of  tasks  to  accomplish  its  mission.  At 
the  same  time,  the  National  Space  Establishment  must  have  substantial  contractual  assist- 
ance. drawing  extensively  upon  universities,  research  organizations,  industry,  and  upon  the 
military  for  basic  science,  technological  know  how,  production,  logistic  support,  and 
( *c  times. 

The  cost  of  the  enterprise  will  be  comparable  to  the  governmental  expenditure  in  the 
field  of  atomic  energy-  and  should  be  funded  on  a long-term  basis,  not  dependent  upon 
direct  military  appropriations  nor  upon  any  one  of  the  armed  services. 

Tasks  under  the  Mission 

1 he  proposed  mission  for  the  National  Space  Establishment  has  two  different  but 
complementary  phases.  On  the  one  hand  there  is  space  research,  per  se,  which  is  concerned 
with  such  questions  as  the  properties  of  the  upper  atmosphere,  the  nature  an  1 ;rrensity  of 
electromagnetic  and  corpuscular  radiations  from  the  sun.  the  character  an  • : >ii  1 ion  of 
matter  in  space,  and  the  electric,  magnetic,  and  gravitational  fields  within  ■ -m. 

On  the  oilier  hand  there  is  the  exploration  of  space  by  manned  expedition'  *n  it.  . * of 

the  mission  the  Establishment  will  be  concerned  with  the  problems  of  pla  ng  nu*  pace 
with  adequate  provisions  for  his  survival  and  safe  return.  This  will  invc  :ns  ..ations 
into  such  areas  as  the  creation  and  maintenance  of  viable  atmospheres,  pi^  ..  io:i  of  pas 
si  ngers  against  the  stresses  of  high  accelerations  and  radiations  in  s|xtce.  psychological  stud- 
ies hiophxsu  t arch,  atul  astronautics.  Although  the  two  phases  have  their  different 
a*- mi  is.  tin  siee  - al  and  effective  accomplishment  of  the  total  mission  requires  that  they  be 
inseparable  and  ? inducted  in  close  contact  with  complete  unity  of  purpose. 

There  ate  spec  ific  steps  that  the  National  Space  Establishment  should  undertake  tmme- 
diateh  There  should  be  a strong  re-enforcement  of  the  upper-air  rocket  sounding  program. 
Immediate  attention  should  be  given  to  a continuing  program  involving  unmanned  earth 
satellites.  Planning  and  preparation  should  be  initiated  with  regard  to  vehicles  and  other 
problems  of  manned  rocket  flights  as  a first  step  towards  manned  satellite  stations.  The 
development  of  instrumentation  for  physical  and  lift  sciences  experiments  in  rockets  and 
satellites  should  be  extended,  making  full  use  of  what  has  already  been  accomplished.  Stud- 
ies of  mail  himself  relative  to  the  projected  expeditions  into  space  should  be  strengthened. 
1 he  studies  of  problems  relative  to  lunar  flight  should  be  taken  up  by  the  National  Space 
Establishment. 

Com  hiding  Hr  narks 

I he  Rocket  and  '.aiellite  Research  Panel  is  absc  itely  convinced  that  there  are  compell- 
ing reasons  foi  our  nation  to  undertake  the  scientific  exploration  and  habitation  of  outer 
s|xur.  (>m  jxist  effoits  have  brought  us  co  this  new  and  challenging  scientific  frontier.  A 
wholehearted  and  imaginative  acceptance  of  this  challenge  will  strengthen  our  national 
sc  ience.  prestige,  and  defense  It  will  inevitably  lead  to  a wide  variety  of  practical  benefits  in 
commerce  and  industry-.  The  National  Space  Establishment  will  unify  the  efforts  and  con- 
tributions of  sc  ience,  industry  , and  the  military  to  space  research,  and  will  help  to  draw  the 
youth  of  our  country  into  science. 

1 he  magnitude  of  the  venture  will  require  a strong  dedication  of  purpose  on  the  part  of 
our  |>cople.  The  coutrry  must  provide  the  nec  essary  resources  and  money  to  accomplish  the 
mission.  This  means,  among  other  things,  an  expenditure  of  some  10  billion  dollars  over 
the  next  decade. 


Proposals  for  National  Space  Pr<k.ram 


The  Rocket  and  Satellite  Research  Panel  has  devoted  it  rlf  for  ;he  last  ten  years  to 
pioneering  the  nation  s effort  in  the  research  exploration  of  the  threshold  of  space.  The 
Panel  is  dedicated  to  continuing  these  activities  and  looks  forward  to  participating  in  the 
actual  accomplishment  of  the  stated  mission. 


The  Rocket  and  Satellite  Research  Panel 


Renting,  W W. 

Army  Ballistics  Research  Lab. 

Dehas&o,  L A. 

Army  Ballistics  Research  Lab. 

Dow.  VV  G. 

University  of  Michigan 

Ehrkke.  k. 

Convair  Cor  p 

Feience.  M. 

Ford  Research  Laboratory1 

Green,  G F. 

General  Electric  Co. 

Greenberg.  M. 

AF  Cambridge  Research  Center 

Jot«es,  L M 

University  of  Michigan 

Kaplan.  J. 

University  of  California 

Kellogg.  W W. 

RandCorp. 

Newell.  It.  F- 

Naval  Research  Laboratory' 

Nichols.  M.  H. 

University  of  Michigan 

ODav.  M.  C. 

AF  Cambridge  Research  Center 

Pickering.  W.  H. 

Jet  Propulsion  Laboratory 

Spencer.  N.  \V 

University  of  Michigan 

Stehling.  K. 

Naval  Research  Laboratory 

Stewart.  H.  J. 

Jet  Propulsion  Laboratory 

Stroud.  W.  G. 

Anns  Signal  Engineering  I^ab. 

Stnighold,  H. 

Randolph  AFB 

Stuhlmger.  E. 

Army  Ballistic  Missile  Agency 

Townsend.  J.  \V 

Na\«!  Research  laboratory 

Van  Alien.  J.  A 

University  of  Iowa 

Chairman 

Von  Braun.  W. 

Army  Ballistic  Missile  Agency 

Whittle  F.  L. 

Smithsonian  Astrophysical  Obs. 

Wvcloff.  P H 

AF  Cambridge  Research  Center 

ZehkcU,  M. 

AF  Cambridge  Research  Center 

M^gerian  G.  k 

General  Electric  Co. 

Secretary 


November  21 , 1937 


Appendix  D 


27  Llemnbfr  1957 


NUIOVU  SPU*  Km  abi  tsiiMrM 

A of  the  Rt»i  k(i  and  SairlLtr  Rtseareh  Panel 


i*j  /So/vxwi 

It  is  |uo|)nMx1  that  there  he  tTQteil  a unified  \ at  tonal  Spar  t'stabhshmmt  for  the 
|HU pose  ^ out  the  soeiuifu  rxpiorjtMn  and  oeniual  habitation  n(  outer  spate. 

ft  imperative  that  the  rnited  States  establish  and  maintain  mmtifk  and  uxtmologr 
t a!  leadnshtp  in  «Hitet  sj\ht  tfsCAuh  mi  the  interests  id  long-term  ha:nan  progress  ami 
naii**tai  stitvival 

1 Rote 

The  nde  ti!  die  National  Spate  KsuWishm*nit  shall  be  to  umfs  and  to  greath  expand 
die  national  effi^t  in  miin  spate  research.  spcvitiealh  excluding  ateas  of  immediate  mil- 
itarv  uigriHx  teg  . thr  tlork^nnu.  imdintum  am*  lidding  of  intercontinental  and  m- 
irtmrdiate range  hallistu  missiles'. 

2 Mission 

The  broad  mission  id  the  \ u naval  Sjvk»  Kstahlishmnit  shall  be  to  establish  I'm  ted 
States  leadership  in  sfvne  irseart I.  b*  I9H0  and  lo  maintain  it  thereafter 

Vtcotiiplishineni  of  thi  mission  requites  the  following  spvvmt  achievements 

ia»  An  intensified  piogiam  M >t  inn  if  it  MHimlings  with  high  altitude  rockets.  un- 
imxtuirU . 

ih’.  An  inteiiMhnf  ;n«^uwi  id  scientific  and  technical  drxrtoptiimis  with  small  mstm- 
irniita!  satellite**  of  die  earth.  immni'jtrK. 

.« i Snqiatt  on  th<'  moon  with  non survival  of  appaiatus.  In  1959. 
oh  P»a«  mg  an  i list  rumen  trd  satellite  in  an  mbit  autnu  the  moon.  b\  I9b9. 
o"  Impact  on  thr  moon  with  survival  H scientific  instruments.  bs  i9H0. 

;f>  Returnable.  nuPiHxi  sardines  in  flight  around  the  earth.  hv  1962. 

ig»  Manned  t n.  tmmavig.Mton  of  the  moon  with  trtmn  to  the  earth.  bv  19HT* 

ih>  Mjimtxl  |eittuikiu  s^tdlitr.  In  l9tvV 

Manned  rxjirdaum  to  die  moon  bv  one  or  two  men,  b\  I9h8 
<j*  Manned  cvjnlinon  to  the  moon  bv  a M/raSde  pattv  of  men  bv  1971. 

A thi  unigh  analws  ol  exisimg  c.i(ubilt!irs  slums  that  all  of  these  *>h}ettives  are  within 
ic'.vh  oi  a unified  vigorous  national  effort 

> ItiuK  Required 

A iliUiikxl  a:ialv*i>  shows  that  the  accomplishment  ot  dir  hasu  mission  will  twjtiue  a 
•tan* mat  e>  }>raditiitr  of  ten  billion  nollais  cneT  dir  next  decade 

I Administrative  Status  of  Natmtv.il  S(Mcr  Kstabhshment 

i j)  It  is  stionglv  ifesuahlr  that  tlv  VS.K  he  given  stamt.it>  status  as  an  independent 
agrno  m order  that  a>  work  tan  hr  Juris  directed  inward  broad  tiiitiiral.  sneniifu 
and  commercial  (4'jn  mrv  Such  objectives  tar  transcend  tlie  short  term,  though 
v Halls  imp**taiit.  ih*!mjis  incket  missions  of  the  Department  of  !Vfc-M*e 
ib’  If  tlie  pnqx‘1  tieatmu  olati  itHkqu mlent  ageiax  is  judged  to  require  an  intolerable 
ddav.  ilun  it  is  be  hexed  that  staiuims  existence  under  the  Seetetarv  of  Defense  then 
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noi  within  the  junsakfion  at  anv  one  of  the  militan  set  vires)  wiK  be  a workable 
arrangement  lor  the  immediate  future  But  in  this  event,  tt  ii  urged  *!it  the  "^tar- 
iff" of  the  agency  explicit!*'  prov  ide  for  its  independence  as  socn  as  its  stature  atxf 
aiiksemma  make  this  advisable. 

(t ) It  is  explicitly  advised  that  tlie  National  Space  Establishment  net  be  placed  within 
the  jurisdiction  of  any  one  of  the  thiee  military  srrvhTs  llierr  are  many  trasom, 
grow  ing  out  of  extensive  professional  experience,  lot  this  view  1 hr  military  serv- 
ices are  basically  operating  agencies,  not  research  ones.  The  research  talent  of  a.iy 
branch  of  the  military  services  n almost  inevitably  turned  toward  helping  m ret 
short  term,  limited  objectives.  Such  a poim-of-view  would  assure  the  failure  of  a 
National  Space  Establishment  in  its  broad  mission— which  is  trulv  a national  one, 
far  beyond  the  missicMi  of  anv  one  of  the  services  or  of  the  Department  of  Defense 
taken  as  a whole.  Dun  tig  the  earlv  phases  of  spar  research.  tt  is  evrdeni  that  exit- 
ing facilities  and  missile  technology  of  tne  Department  of  Defense  can  make  error  - 
mous  contributions.  The  National  Spate  Establishment  must  br  srt  up  in  *ikh  j 
wav  that  tt  A*jo\s  the  unqualified  support  *f  all  three  services.  and  not  merely  one 
of  them.  Such  a situation  is  IHtevcd  to  be  possible  *nly  if  the  N.S.E.  is  an  inde- 
pendent agency  from  ;hr  outset  or  if  tt  is  direct!*  responsible  *>nlv  to  the  Secrrtai  v of 
Drfrnsr  during  its  earlv  vtvr* — with  the  cleat  prospect  of  independence  at  the «\*rli 
rst  possible  date 

id)  Thrrr  must  he  c!ear  channels  for  mutual  <c*>pn,ition  lxiwrr«i  the  pi<4x>srd  N.S.E 
and  all  levels  of  the  Drp*rtmet»!  of  Defense,  in  otder  to  assure  no  jeopards  erf  short 
term,  viul  military  need  on  the  one  hand  anu  »n  order  to  assure  maximum  rate  erf 
advance  erf  space  research  on  the  other 

h.  Remarks  on  the  long  Rang-*  Import  me r trf  Space  Research 

!t  is  already  clear  that  international  leadership  hinges.  to  a seiv  great  extent,  on  pre- 
eminence if,  scientific  and  te  chnologic  a!  nvaiiers. 

Space  rescan  h will  contribute  enormously  to  the*  educational.  cultural.  .:nd  intellec  tual 
character  of  tK  people  of  the  I'nitrd  States  and  «rf  the  world  !ndeed.  the  «*xpkr*<(i«n  and 
eventual  habitation  erf  outer  ‘pace  are  the  fines:  examples  of  the  "Endless  Eton  tier  *\  It  is  tor 
su<  i.  bold  endeavors  that  lire  highest  ;notim  of  men  should  be*  invoked. 

Hiere  will  br  a nch  and  continuing  harvest  erf  important  practical  applications  as  the 
wod  proce-ds.  Some  of  these  can  already  be  foreseen—  reliable  shoit  .erm  and  long  term 
meteorological  ft^ecasts.  with  all  the  agricultural  and  commercial  advantage*  that  tliese 
unpU:  rapid.  buig  range  radio  communications  of  great  capacity  and  reliability.  aids  to 
and  to  long  range  vurvrving;  ^Itsivion  relays;  new  awdeal  and  mokygical 
knowledge.  etc.  And  these  will  be  onlv  :hc  beginning.  Mam  of  ♦hesc  applications  will  be  of 
military  value;  but  their  greater  value  will  be  lo  the  vi.ihan  «omnuinitv  at  iatge  [ 1 o use  a 
hontclv  example,  the  telephone  is  certainly  a valuable  military  devic",  but  its  imjK>rtan<x  to 
the  civilian  population  rs  vastly  greater. ) 

6.  Availability  of  the  Racket  ai>d  Satellite  Revars  h Pane*  for  O 'Oscillation  and  Panic  ipinon 

The  Rocket  and  Satellite  Krsrauh  Panel  comprises  a broad  membership  trf  persons  erf 
extensive  experience  in  all  aspect*  erf  the  proposed  program  of  outer  spree  research  Its 
members  are  professional lv  dedicated  to  national  leadership  in  th;s  field.  Ebo*  trffer  then 
services,  individually  and  collectively.  in  the  conduct  of  the  broad  mission  of  the  Xaiional 
Space  Establishment. 

IT«e  Rex  ke:  -nd  Satellite  Research  Pane! 


Boning.  \V  \V. 
DeKisso.  1.  A. 


Army  Balhstics  Research  Laixnaton 
Arms  Ballistic*  Research  laboratory 
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University  of  Michigan 

University  of  California 

Rand  Corporation 

Naval  Research  Laboratory 

University  of  Michigan 

Air  Force  Cambridge  Research  Center 

Jet  Propulsion  Laboratory 

University  of  Michigan 

Naval  Research  Laboratory' 
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University  of  Iowa 
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Original  Membership  of  United  States  National  Committee 
for  the  International  Geophysical  Year 


Joseph  luphn 
A.  H.  Shapky 
N.  C.  (imon 


L H Adams 
H.  (>  Booker 
Lyman  J.  Brifocs 

( ; M rjriiimir 
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Uwrmrt  M.  (iotikl 
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Merle  A.  Tuve 
A.  L.  Washburn 


Cnivmiiy  of  California.  Chairman 
National  Bureau  of  Sundmk.  Vice  Chairman 
Air  Force  (ambridgt  Research  Center, 
Recording  Secretary1 

Carnegie  Institution  of  Washington 
Cornell  Cnivcrsity 
National  C Geographic  Society 
C S Naval  Obsrrvaion 
American  (Geophysical  Cnion 
Carlrton  College 
t\S.  Weather  Bureau 
C.S.  Ca. just  and  (Geodetic  Survey 
Department  a?  the  Aims 
Cniversitv  of  Minnesota 
(amrgk  Institution  of  Washington 
Dartmouth  College 

Lx  Officio 


Wallace  W.  Atwood.  Jr. 
Lloyd  V.  Bcrkner 
William  C Rubes 
W,;li*t  Rudolph 
K.  Stephenson 


National  Academy  of  Sciences 
Associated  l diversities.  Inc  . 

National  Research  (bunril 
Science  Adviser's  Office.  Dept,  of  Sure 
National  Science  Foundation,  liaison 


1 1 ugh  Odjshaw 


Administrative  Scttrtary 
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Membership  of  the  Space  Science 
Board,  1958-1972 


Space  St  jence  Board  Members 


Membership  of  the  Space  Science  Board,  1958 — 1972  (Continued) 
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Membership  of  the  Space  Science  Board,  1958 — 1972  ( Continued ) 


Member 

1930s 

1960s 

1970s 

8 9 

EM 

12  3 4 3 6 7 

8 

9 

□ 

1 2 

William  M.  Kauta 
l7.  Cal-  Angeles 

M 

M 

M 

M 

Donald  l7.  Wise 
Franklin  Sr  Marshall  Coll. 

M 

M 

Donald  B Lindslry 
l'  Cal. 

M 

M 

William  W.  Rubrv 
V.  Cal..  Berkeley 

M 

M 

M 

Roman  Smoluchowskt 
Princeton  V . 

M 

M 

M M 

Wolf  Vishniac 
lT.  Rochester 

M 

M 

M 

Charles  H.  Townes 
Mass.  Insi.  Tech., 
then  lT.  Ckil..  Berkeley 

c: 

c c: 

James  R.  Arnold 
V.  Cal 

M 

M M 

Ham  bgk 
Albert  Einstein  College 
of  Medicine 

M 

M M 

William  Fouler 
Cal.  Inst.  Tech. 

M 

M M 

Richard  M.  Goods 
Harvard  l7. 

M 

M M 

Brian  O'Brien 

M 

M M 

Raymond  L.  Bisplinghoff 
Mass.  Inst.  Tech. 

M, 

E.  Margaret  Burbidge 
C.Cal. 

M M 

Norman  H.  Horowitz 
(^*1.  Inst.  Tech. 

M M 

Edward  H.  Kas; 
Harvard  l T. 

M M 

Philip  Morrison 
Mass.  Inst.  Tech. 

M M 
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Membership  of  the  Space  Science  Board,  1958 — 1972  ( Continued ) 


Member 

1950s 

1960s 

1970s 

8 9 

0123456789 

0 1 2 

Robert  Y Danielson 
Princeton  1T. 

M 

Joshua  Menkes 
lT.  (arlorutlo 

M 

Robert  A.  Phinnry 
Princeton  1-. 

M 

C - Chairman 

M = Member 

Me  = Member,  e*  officio 

•Added  after  first  meeting  of  board. 
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Reports  from  Space  Science  Board  Summer  Studies 

Representati'  e Reports,  1962-1976 


1962  A I Review  of  Speer  Research 

1965  Space  Research:  Directions  for  the  Future 

1968  Planetary  Exploration:  79&£-79 7* 

1969  The  Outer  Solar  System:  A Program  for  Exploration 

1969  Lunar  Exploration:  A Strategy  for  Research  7969-/97^ 

1970  l enus  Strategy  for  Exploration 

1 970  Prior itie  c for  Space  Research  7 97/  -/  980 

1 97 1 Outer  Planets  Exploration  7 972-7  9£5 

1973  Scientific  l ses  of  the  Space  Shuttle 

1974  “Future  Exploration  of  Mars*’  in  Opportunities  and  Choices  in  Space  Saeme, 
797* 

1975  “Infrared  and  Submillimctcr  Astronomy"  in  Report  on  Space  Science,  79 7* 

1975  "Solar  Physics”  in  Report  on  Space  Science,  797^ 

1 976  Institutional  A rrangernents  for  the  Space  T elescope 
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Advisers  Attending  NASA’s 
First  University  Program  Conference 
14  August  1961 

(Nongovernmental  Participants) 


Preston  Bassett,  president  (retired).  Sperry  Corporation 
Francis  X.  Brad  lev,  Jr.,  research  administrator,  Notre  Dame 
George  E.  Corcoran,  Dept,  of  Electrical  Engineering.  University  of  Maryland 
Henry  Eyring,  dean  of  Graduate  School.  University  of  Utah 
1..  E.  Grinter,  dean  of  Graduate  Sc  hool,  University  of  Florida 
James  Harlow,  dean  of  College  of  Education.  University  of  Oklahoma 
John  C.  Honey , executive  assoc  iate,  Carnegie  Corporation  of  New  Y ork 
Ralph  Rnuiti.  associate  director  for  extramural  programs.  National  Institute  of  Arthritis 
and  Metabolic  Diseases.  National  Institutes  of  Health 
Charles  B.  Officer,  president.  Marine  Geophysics  Serv  ices  Corporation,  Houston,  Texas 
Richard  W.  Poole,  Dept,  of  Economics,  Oklahoma  Slate  University 
Alex  S.  Pow.  director  for  Contract  and  Grant  Development.  University  of  Alabama 
Guenter  Sc  hwarz,  Dept,  of  Physics,  Florida  State  University 
Martin  Schwarzschild.  professor  of  Astronomy,  Princeton  University 

John  Simpson,  professor  of  Physics,  Enrico  Fermi  Institute  for  Nuclear  Studies,  University 
of  Chicago 

Stafford  L.  Warren,  dean  of  Medical  Sc  hool,  University  of  California,  L.A. 

Marsh  W.  White.  Dept,  of  Physics.  Pennsylvania  State  University 
Emery  Wine.  Municipal  Manpower  Commission 


Appendix  I 

Meeting  of  Physicists  at  Airlie  House,  Warrenton,  Virginia, 

20, 21  June  1963 


(As  a result  erf  this  meeting  the  attendees  agreed  to  serve  as  NASA’s  first  Physics  Committee.) 


I 'nnrrsity  Participants 

Dr.  Luis  W.  Alvarez.  University  of  California,  Berkeley 
•Dr.  Robert  H.  Dicke,  Princeton  University 
Professor  Freeman  J.  Dyson.  Peinceton  University 
Dr.  William  M.  Fairbank.  Stanford  University 
•Dr.  William  A.  Fowler.  California  Institute  of  Technology 
Dr.  Murray  Gell-Mann,  California  Institute  of  Technology 
Dr.  Robert  Hofstadter,  Stanford  University 
Dr.  Polykarp  Kusch,  Columbia  University 
Dr.  Willis  E.  Lamb,  Jr..  Yale  University 
Dr.  Robert  B.  Leighton,  California  Institute  of  Technology 
Dr.  Willard  F.  Libby , University  of  California,  Los  Angeles 
•Dr.  Gordon  J.  F.  MacDonald,  University  of  California.  Los  Angeles 
Dr.  Eugene  Parker.  University  of  Chicago 
Dr.  Norman  F.  Ramsey,  Jr.,  Harvard  University 
•Dr.  Bruno  B.  Rossi.  Massachusetts  Institute  of  Technology 
Dr.  Emelio  Gino  Segre,  University  of  California,  Berkeley 
•Dr.  Lyman  Spiuer,  Jr..  Princeton  University 
Dr.  James  A.  Van  Allen,  State  University  of  Iowa 


•Speakers 


.V.IS.1  Participants 

Mr.  James  Webb,  Headquarters 
Dr.  Hugh  L.  Dry  den,  Headquarters 
Dr.  Homer  Newell,  Headquarters 
Dr.  John  Clark.  Headquarters 

Dr.  Robert  Jastrow,  Goddard  Institute  of  Space  Studies.  N Y. 

Dr.  Umer  Liddel,  Headquarters 

Dr.  Harry  Goetl.  Goddard  Space  Flight  Center 
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Statement  by  President  Nixon  on  the  Space  Program 
7 March  1970 

Released  from  the  Office  of  the  White  House 
Press  Secretary,  Key  Biscayne,  Florida 


Over  the  last  decade,  the  principal  goal  of  our  nation's  space  program  has  been  the 
Moon.  By  the  end  of  that  decade  men  from  our  planet  had  traveled  to  the  Moon  on  four 
occasions  and  twice  they  had  walked  on  its  surface.  With  these  unforgettable  experiences, 
we  have  gained  a new  perspective  of  ourselves  and  our  world. 

I believe  these  accomplishments  should  help  us  gam  a new  perspective  of  our  space 
program  as  well.  Hav*ng  completed  that  long  stride  into  the  future  which  has  been  our 
objective  fot  the  past  decade,  we  must  now  define  new  goals  which  make  sense  for  the 
Seventies.  We  must  build  on  the  successes  of  the  past,  always  reaching  out  lor  new 
achievements.  But  we  must  also  recognize  that  many  critical  problems  here  on  this  planet 
make  high  priority  demands  on  our  attention  and  our  resources.  By  no  means  should  we 
allow  our  space  program  to  stagnate.  But— with  the  entire  future  and  the  entire  universe 
before  us — we  should  not  try  to  do  everything  at  once.  Our  approach  to  space  must  con- 
tinue to  be  bold— but  it  must  also  be  balanced. 

When  this  Administration  came  into  office,  there  were  no  clear,  comprehensive  plans 
for  our  space  program  after  the  first  Apollo  landing.  To  help  remedy  this  situation,  1 
established  in  February  of  1969  a Space  Task  Group,  headed  by  the  Vice  President,  to  study 
possibilities  for  the  future  of  that  program.  Their  report  was  presented  to  me  in  September. 
After  reviewing  that  report  and  considering  our  national  priorities,  1 have  reached  a num- 
ber of  conclusions  concerning  the  future  pace  and  direction  of  the  nation’s  space  efforts. 
The  budget  recommendations  which  I have  sent  to  the  Congress  for  Fiscal  Year  1971  are 
based  on  these  conclusions. 


7/iw  General  Purposes 

In  my  judgment,  three  general  purposes  should  guide  our  space  program. 

One  purpose  is  exploration.  From  time  immemorial,  man  has  insisted  on  venturing 
into  the  unknown  despite  his  inability  to  predict  precisely  the  value  of  any  given  ex- 
ploration. He  has  been  willing  to  take  risks,  willing  to  be  surprised,  willing  to  adapt  to  new 
experiences.  Man  has  tome  to  feel  that  such  quests  are  worthwhile  in  and  of  themselves — 
for  they  represent  one  way  in  which  he  expands  his  vision  and  expresses  the  human  spirit. 
A great  nation  must  always  be  an  exploring  nation  if  it  wishes  to  remain  great. 

A second  purpose  of  our  space  program  is  scientific  knowledge — a greater  systematic 
understanding  about  ourselves  and  our  universe.  With  each  of  our  space  ventures,  man  s 
total  information  about  nature  has  been  dramatically  expanded:  the  human  race  was  able 
learn  more  about  the  Moon  *nd  Mars  in  a few  hours  last  summer  than  had  been  learned  in 
all  the  centuries  that  had  gone  before.  The  people  w ho  perform  this  important  work  are  not 
only  those  who  walk  in  spacesuits  while  millions  watch  or  those  who  launch  powerful 
rockets  in  a burst  of  flame.  Much  of  our  scientific  progress  comes  in  laboratories  and 
offices,  where  dedicated,  inquiring  men  and  women  dec  ipher  new  fac  ts  and  add  them  to  old 
ones  in  ways  which  reve;?’  new  truths.  The  abilities  of  these  scientists  constitute  one  of  our 
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most  valuable  national  resources.  I believe  that  our  space  rr«  gram  should  help  these  people 
in  their  work  and  should  be  attentive  to  their  suggestion 

A third  purpose  of  the  United  States  sp^ce  effo  hat  of  practical  application- 
turning  the  lessons  we  learn  in  space  to  the  early  benefit  o.  life  on  Earth.  Examples  of  such 
lessons  are  manifold;  they'  range  from  new  medical  insights  to  new'  methods  of  com- 
municaiicn.  from  better  weather  forecar  is  to  new  management  techniques  and  new  ways  of 
providing  energy.  But  these  lessons  will  not  apply  themselves;  we  must  make  a concerted 
effort  to  see  that  the  results  of  our  space  resea:  h are  used  to  the  maximum  advantage  of  the 
human  community. 


A Continuing  Process 

We  must  see  our  space  effort,  then,  not  only  as  an  adventure  of  today  but  also  as  an 
investment  in  tomorrow.  We  did  not  go  to  the  Moon  merely  for  the  sport  of  it.  To  be  sure, 
those  undertakings  have  provided  an  exciting  adventure  for  all  mankind  and  we  are  proud 
that  it  was  our  nation  that  met  this  challenge.  But  the  ."ost  important  thing  about  man's 
first  footsteps  on  the  Moon  is  what  the  / promise  for  the  future. 

We  must  realize  that  space  activities  will  be  a part  of  our  lives  for  the  rest  of  time.  We 
must  think  of  them  as  part  of  a continuing  process— one  which  w ill  go  on  day  in  and  day 
out,  yea>  in  and  year  out- -and  not  as  a series  of  separate  leaps,  each  requiring  a massive 
concentration  of  energy  and  will  and  accomplished  on  a crash  timetable.  Our  space 
program  should  not  be  planned  in  a rigid  manner,  decade  by  decade,  but  on  a continuing 
flexible  basis,  one  which  takes  into  account  our  changing  needs  and  our  expanding 
knowledge. 

We  must  also  reali*  that  space  expenditure*  aust  take  their  proper  place  within  a 
rigorous  system  of  nar  viral  priorities.  What  we  do  in  space  from  here  on  in  must  become  a 
normal  and  regular  part  of  our  nationa*  life  and  must  therefore  be  planned  in  conjunction 
w ith  all  of  the  other  undertakings  which  are  also  itn*x>rtant  to  us.  The  space  budget  which 
I have  sent  to  Congress  for  Fiscal  Year  1971  is  low  er  than  the  budget  for  Fiscal  Year  1970,  a 
condition  which  reflects  the  fiscal  constraints  under  which  wc  presently  operate  and  the 
competing  demands  of  other  programs.  1 am  confident,  however,  that  the  funding  I have 
proposed  will  allow  our  space  program  to  make  steady  and  impressive  pi  ogress. 


Six  Specific  Objectives 

With  these  general  considerations  in  mind.  I have  concluded  that  our  space  program 
should  work  toward  the  following  specific  objective 

1.  We  should  continue  to  explore  the  Moo*,  ruture  Apollo  manned  lunar  landings 
will  be  spaced  so  as  to  maximize  our  scientific  retuk..  from  each  mission.  a!wa>$  providing, 
of  course,  for  the  safety  of  those  who  undertake  these  ventures.  Our  decisions  about  manned 
and  unmanned  lunar  voyages  beyond  the  .'.polio  program  will  be  based  on  the  results  of 
these  missions. 

2.  We  should  move  ahead  with  bold  exploration  of  the  planets  and  the  universe.  In 
the  next  few  years,  scientific  satellites  of  many  tv  pcs  will  be  launched  into  Earth  orbit  to 
bring  us  new*  information  about  the  universe,  the  solar  system,  and  even  our  own  planet. 
During  the  next  decade,  we  will  also  launch  unmanned  spacecraft  to  all  the  planets  of  our 
solar  system,  including  an  unmanned  vehicle  which  will  be  sent  to  land  on  Mars  and  to 
investigate  its  surface.  In  the  late  1970s,  the  “Grand  Tour"  missions  will  study  the 
mysterious  outer  planets  of  the  solar  system — Jupiter,  Saturn,  Uranus,  Neptune,  and  Pluto. 
The  positions  of  the  planets  at  that  time  will  give  us  a unique  opportunity  to  launch 
missions  which  ran  visit  several  of  them  on  a single  flight  of  over  three  billion  miles. 
Preparations  for  this  program  will  begin  in  1972. 
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There  is  one  major  but  longer  range  goal  we  should  keep  in  mind  as  we  proceed  with 
our  exploration  of  the  planets.  As  a pan  of  this  program  we  will  eventually  send  men  to 
explore  the  planet  Mai 

3.  We  should  work  to  reduce  substantially  the  cast  of  space  operations.  Our  present 
rocket  technology  will  provide  a reliable  launch  capability  lor  some  time.  Bin  as  we  build 
lor  (he  longer-raugc  future,  we  must  devise  less  costly  and  less  complicated  ways  of  tram- 
poring  payloads  into  space.  Such  a capability — designed  so  that  it  will  be  suitable  lor  a 
wide  range  of  scientific,  defense  and  commercial  uses— cm  help  in  realize  important 
economies  in  all  aspects  of  our  space  program.  We  are  currently  examining  in  greater  detail 
the  feasibility  of  re-usable  space  shinties  a»  ore  way  of  achieving  this  objective. 

4.  We  should  seek  to  extend  man’s  capability  to  live  and  work  in  space.  The 
Experimental  Space  Station  (XSS) — a large  orbiting  workship— will  be  an  important  part 
of  this  effort.  We  are  now  building  such  a station — using  systems  originally  developed  for 
the  Apollo  program— and  (dan  to  begin  using  it  lor  operational  missions  in  the  next  few 
yexi.  We  expect  that  men  will  ’**  working  in  space  lor  months  at  a time  during  the  coming 
decade. 

We  have  much  to  learn  about  what  man  can  and  cannot  do  in  space.  On  the  basis  of 
our  experience  with  tlie  XSS,  we  will  decide  when  and  how*  to  develop  longer-lived  space 
stations.  Flexible,  long-lived  space  station  modules  could  provide  a multi-purpose  space 
platform  £o  the  longer-range  future  and  ultimately  become  a building  b*ock  for  manned 
tnterptjnr  . y travel. 

5.  We  should  hasten  and  expaid  the  practical  applications  of  space  technology.  Th ' 
development  of  eaith  resources  satellites — platforms  which  can  help  in  such  varied  tasks  . 
surveying  crop*;,  locating  mineral  deposits  and  measuring  water  resources — will  enable  us 
to  assess  our  environment  and  use  our  resources  more  effectively.  We  should  continue  to 
pursue  other  applications  of  space-related  tech.iology  in  a wide  variety  of  fields,  including 
meteorology,  communications,  navigation,  air  traffic  control,  education  and  national 
defense.  The  very  act  of  reaching  into  space  can  help  man  improve  the  quality  of  life  on 
Eartn. 

6.  We  should  encourage  greater  international  cooperation  in  space . In  my  address  to 
the  United  Nations  List  September.  I indicated  that  *he  United  States  will  take  positive, 
concrete  steps  ’’toward  internationalizing  man's  epic  venture  into  space — an  adventure  that 
belongs  not  to  one  nation  but  to  all  mankind."  I believe  that  both  the  adventures  and  the 
applications  of  spice  missions  should  be  shared  by  all  peoples.  Our  progress  will  be  faster 
and  our  accomplishments  will  be  greater  if  nations  w ill  join  together  in  this  effort,  both  in 
contributing  tftc  resources  and  in  enjoying  the  benefits.  Unmanned  scientific  payloads  from 
other  nations  already  make  use  of  our  space  launch  capability  on  a cost-shared  basis;  we 
look  forward  to  the  day  w hen  these  arrangements  can  be  xtendrd  to  larger  applications 
satellites  ar.d  astronaut  crews.  The  Administrator  of  NASA  recently  met  with  the  space 
authorities  of  Western  Europe.  Canada.  Japan  and  Australia  in  an  effort  to  find  ways  in 
which  we  can  cooperate  more  effective’s  in  space. 


It  is  important.  I believe,  that  the  space  program  of  the  United  States  meet  these  six 
objectives.  A program  which  achieves  these  goals  will  be  a inLnced  space  program,  one 
which  will  extend  our  capabilities  and  knowledge  ami  on*  which  will  put  our  new*  learn- 
ing to  work  for  the  immediate  benefit  of  all  people. 

As  we  enter  a new  de  ade.  we  are  conscious  of  the  fact  that  man  is  also  enierirg  a new 
historic  era.  For  (he  first  time,  he  has  reached  beyond  his  planet;  for  the  rest  ot  time,  we  will 
think  of  ourselves  as  men  from  the  planet  Earth.  It  is  my  hope  that  as  we  go  forward  with 
our  space  program,  we  car.  plan  and  work  in  a way  which  makes  us  proud  both  of  the 
planet  horn  which  we  come  and  of  our  ability  to  travel  beyond  it. 
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This  glossary  comaim  terms  used  in  the  narrative  that  may  not  be  familiar  to  some 
reach  rs.  For  *cm»  not  in  the  glossary  , the  reader  may  find  the  following  helpful:  William 
H.  A;.  t:  ed..  Dictionary  of  Technical  Terms  for  Aerospace  Tse.  NASA  SP-7  (Wwh- 
infon. 


absorption  coefficient.  A numerical  quantity  that  im  itates  the  relative  effectiveness  of  a 
nuio  « a!  substance  such  as  a gas  in  absorbing  electromagnetic  radiation, 
atrglow.  The  quasi -steady  radiant  emission  fiom  the  upper  atmosphere  as  distinguished 
fiom  the  sporadic  emission  of  the  auroras.  See  discussion  p.  66-G7. 
alpha  particle.  The  nucleus  of  the  helium  atom.  The  alpha  panicle  has  a double  positive 
charge 

aanotropk.  Varying  with  direction.  Radiation  that  varies  in  intensity  or  nature  with  direc- 
tion is  said  to  be  amsotropu. 

anomalous  propiggiop  of  sound.  Propagation  of  sound  waves  that  takes  appreciably  longer 
than  the  expected  time  to  reach  an  observer,  presumably  because  the  sound  did  not 
follow  a direct  path  from  the  origin  to  the  observer, 
applied  science.  Scientific  research  that  is  intended  to  furnish  information  and  data  that 
will  aid  in  achieving  specific  practical  applications  or  in  developing  a desired  technology. 
apogee.  The  point  in  the  orbit  of  a satellite  ;*t  which  the  satellite  is  at  its  greatest  distance 
from  the  center  of  the  earth 

artificial  satellite.  A man-made  satellite  of  the  earth,  moon,  or  planet,  as  contrasted  with  a 
natural  satellite  like  the  earth's  moon. 

atmosphere  of  pressure.  Roughly  the  pressure  of  the  earth's  atmosphere  at  sea  level.  By 
definition,  exactiv  I.0I32:>  * M>  newtons  per  square  meter, 
aurora.  I he  northern  * ad  southern  lights — aurora  borealis  and  aurora  australis — which  are 
faint  radiations  that  at  times  are  seen  at  high  latitudes  illuminating  the  night  >kv.  The 
aurora  becomes  especially  pronounced  at  times  of  high  solar  and  magnetic  activity, 
bands  in  a spectrum.  Emission  hands  of  moktuks.  combinations  of  two  or  more  atoms 
radiating  in  characteristic  groups  of  lincv  In  contrast,  radiating  atoms  emit  discrete 
wavelengths,  called  emission  lines  of  the  atom 
basic  science,  the  effort  to  define  baste  science  almost  invariable  comes  to  grief.  The  first 
question  to  decide  is  basic  to  is  hat?  If  basic  to  some  ultimate  applications,  then  purr, 
applied,  and  mission-ottented  science  can  all  come  under  the  heading  of  basic.  But.  if 
basic  to  science  itself  is  the  intended  meaning,  then  it  becomes  a matter  of  w hat  the 
scientist  hit  self  perceives  to  be  most  fundamental,  and  indeed,  the  phrase  fundamen- 
tal science  is  often  used  to  convex  this  flavor. 

black  body.  A bod\  that  absorbs  ail  wavelengths  of  electromagnetic  radial  »n.  <aM*vrrsdv. 

when  heated  a black  body  emits  in  all  wavelengths, 
chromosphere  of  the  sun.  A thin  lavrr  of  relatively  transparent  gases  thrive  the*  ;>ho:osphei\ 
of  the  sun.  See  p.  3b4. 

collision  frequency.  I he  number  of  tunes  per  second  a gas  particle  collides  with  other 
particles  of  gas. 

control  (of  a vehicle).  A means  of  orienting,  steering,  or  otherw  ise  modifvmg  the  movement 
of  a veiiic  le. 
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core  of  dir  rank.  The  central  region  of  the  earth,  extending  to  about  5400  kilometers  from 
the  center.  The  core  is  vert  dense,  consisting  primarily  of  iron  and  iron  sulfide.  Its  outer 
portions  are  molten. 

corona  of  die  sun.  The  outer  visible  envelope  of  the  sun.  lying  above  the  chromosphere.  See 
p.  564-66. 

cosmic  rays.  .Streams  of  high-energy  subatomic  particles  that  travel  the  solar  system  and 
bombard  the  earth  (nan  all  directions.  See  pp.  67-69. 
countdown.  A step-by-step  process  leading  to  a climactic  event  such  as  the  firing  of  a space 
launch  vehicle. 

crust  of  the  earth.  The  outermost  layer  of  the  earth,  consisting  of  the  continents  and  the 
floor  of  *he  ocean  basins.  Beneath  the  ctusi  is  a mantle  surrounding  a dense  core.  While 
the  central  pan  of  the  core  appears  to  be  solid,  its  outermost  portion  underlying  the 
mantle  is  molten. 

diffusive  separation.  Separation  into  individual  component  parts  as  in  an  isothermal  mix- 
ture of  gases  in  a gravitational  field,  where  the  lighter  parts  come  to  predominate  at  the 
top  and  the  heavier  at  the  bottom — as  cream  separates  from  milk 
dipole.  A system  composed  of  two  separated,  equal,  electric  or  magnetic  c harges  of  opposite 
sign.  Dipole  field:  see  chap.  6.  pp.  65-66  and  fig.  5. 
discipline.  A scientific  discipline  is  an  area  of  investigation  in  which  the  investigators  share 
a common  paradigm  or  group  of  paradigms,  embracing  a common  bodv  of  theory.  and 
techniques  and  often  instrumentation.  See  discussion  p.  12. 
dissociation  of  a molecule.  Separation  of  a molecule  into  component  parts.  If  a molecule 
absorbs  trough  energy — from  heating,  irradiation,  or  an  electrical  discharge,  for 
example — it  may  split  into  omponem  parts.  IV  reverse  process,  in  which  the  indi- 
vidual pars  ioin  to  reproduce  the  original  molecule,  is  called  recombination. 
doppler  shift.  (Changes  in  wavelength  caused  by  die  motion  of  a radiating  sourer  or  of  the 
receiver  are  called  doppler  ships  in  the  radiated  wavelengths.  When  a radiating  source, 
emitting  euher  sound  or  electromagnetic  waves,  moves  either  toward  or  away  from  an 
observer,  the  motion  affects  the  wavelengths  as  sero  by  the  obsei  .er.  If  »hr  r.*ooon  of  the 
sourer  is  toward  the  observer,  the  wavelengths  aie  shortened  so  that  sound  ts  increased 
in  pitch  and  light  shifted  award  the  Woe  end  of  the  spectrum.  Motion  away  from  the 
observer  deer  rases  the  pitch  of  sound  and  shifts  electromagnetic  radiations  toward  the 
red. 

dynamical  geodesy.  lire  studv  of  the  gravitational  field  of  the  earth  and  its  relationship  to 
the  solid  struc  ture  of  the  planet.  Also  called  phxsual  geodesy.  See  p.  186. 
electron.  A fundamental  panicle  of  matter  caiTving  a single  negative  electric  charge  and 
having  a mass  1 1840  that  of  a ptoton. 

electron  volt.  I he  energy  equivalent  to  that  acquired  bv  an  electron  in  falling  through  an 
electric  potential  of  l volt.  It  is  r pial  to  1.60210  > lO"1**  joule, 
excitation.  An  atom  ot  molecule  is  vid  to  be  excited  when  it  has  absorbed  sufficient  energy 
to  raise  it  above  the  twvrmal  tn  ground-level  state.  Inn  not  enough  to  ionize  it. 
exobiology.  The  search  for  and  study  of  extraterrestrial  life.  See  pp.  274.  552-55. 
exponential  atmosphere.  An  atmosphere  in  which  an  increase  in  altitude  by  a fixed  height 
H alv*avs  decreases  the  pressure  and  density  bv  a constant  factor.  See  p.  60. 
forbidden  line.  An  emission  line  corresponding  to  a less  probable  wavelength  than  am 
given  b\  the'  usual  selevMon  rules,  in  emitting  light  a radiating  atom  obeys  the  laws  of 
quantum  theory,  in  which  cer.ain  rules,  railed  selection  rules . give  the  wavelengths  an 
atom  is  most  likeh  to  emu  (*ndcr  certain  conditions,  however,  an  atom  ma\  emu  a less 
likeh  wavelength 

galaxy.  The  self-contained  aggregate  of  stars,  nebulas,  gases,  and  dux;  of  which  the 
sun  ami  its  planets  are  members.  I~he  galaxy  i>  one  of  bullions  id  such  systems,  also 
called  galaxies,  which  collectively  compose  the  metagalaxy, 
gamma.  Magnetic  flux  demirv  of  I IK*  gauss  or  MV*1  texia 
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geodesy.  The  science  that  deah  mathematically  with  the  si /r  ami  shape  of  the  eanh.  the 
earth's  external  gravity  held,  and  survey  s «>  precise  tltat  si re  and  shape  of  the  earth  must 
he  taken  into  consideration.  See  pp.  186-96. 

geoid.  The  figure  of  the  earth  a?  defined  by  the  level  surface  tliat  over  the  oceans  ohim  ides 
with  mean  sri  level.  Set'  pp.  11*9-96. 

geomagnetic  equator.  The  great  emir  of  (he  earth  lying  mklwuy  between  the  north  and 
south  poles  <4  «he  earths  ill  pole  nwgrriK  field, 
geomagnetic  latitude  and  longitude.  Analogous  to  geographic  latitude  and  longitude,  but 
rderrpd  to  the  dipole  magnetic  pnk*s  and  geomagnetic  equator  instead  of  to  the  geo- 
graphic uokv  and  equator. 

geometrical  geodesy.  Study . by  geometrical  and  astronomical  uteasuronents.  of  the  precise 
sire  and  shape  of  (he  earth  a.v!  ace  orate  kxahoii  <4  (joints  on  (he  surface  of  ilr  eaiih. 
See  p.  18b. 

geopotential  function.  That  function  whic  h at  each  jr.mn  is  equal  to  a»i  arbitrary  ituisUiM 
minus  tAc  energy  that  would  be  acquired  by  a unit  mass  in  falling  from  rest  at  infinitv 
let  the  point  in  qcstiort  The  gradient  of  the  geofjotcmial  function,  whkit  can  Ur 
obtained  by  etttor  cakxtliL*.  viekis  (he  earth's  gravitational  field, 
grosynclioe.  levers  of  rocks  ih  . have  Urn  tiiied  from  their  original  horizontal  stcatiiic^- 
lioet  to  form  a huge  basin  wn  1 *hen  fills  w ith  sediments, 
gradient.  Ehe  rate  of  change  «m  quantity  with  distance  in  a specified  direction  is  the 
gjadirtU  i*f  i he  quantity  in  that  diievtitxi.  When  shr  term  gradient  is  used  without 
specifying  the  ditnlion.  it  is  taken  to  inraii  the  rate  of  change  of  the  quantity  in  ques- 
tion in  the  direction  of  greatest  *atr  of  c hange, 
guidance.  Ihe  process  oft  illicit  mg  die  movements  of  an  aircraft.  spacecraft,  missile,  or  othei 
vehicle.  In  general  such  vehicles  are  cqut|>fjrd  so  that  they  can  be  c^HfrolW  to  follow 
the'  guidance  Mtppltcd  to  them 

hydrated  compound.  A cnoqjound  in  which  the  mokvtiles  contain  vvatei  os  hydroxyl 

radicals  and  protons  KMi  and  M >. 

integration.  A mathematical  jh«kiv>  used  in  the  calculus  U deriving  a function  tram  its 
slope.  I he  rrvtTse  pcxiv.  which  vields  rite  slope  of  a "I'nt  function,  is  dtffrremtatkm. 
International  Geophysical  Tear  <IGY).  An  innrnaticaially  agiccd  on  period.  July  1937 
thrcnigh  December  1938.  during  whw  h observation  of  worldwide  geophysical  fUurmu- 
ena  was  greatly  iru  nased  hv  cooperative  effort  of  panic tpatiitg  nations.  Activities  were 
continued  thiough  December  1939  as  International  Geophysical  Cooperation.  See 
pp  30-3 1 

ion.  A charged  atom  or  mole*  U lari  v bound  group  <4  ;:W«ms;  xurniinHs  also  a free  element 
or  twher  charged  subatomic  (Kittle  le  lit  the  n«i;m.»l  state  atoms  and  molecules  are 
electrically  iieuttal.  An  atom  ot  molecule  that  acqu ires  one  or  more  elec  trims  bmiimv 
negatively  charged  and  is  called  a nr^ain  r urn.  If  the  jurtnle  loses  one  or  more  ekv- 
lions  it  becomes  positively  t barged  and  ts  called  ,i  ixxifuv  ion. 
ion  i/a  i ion  gauge.  A gauge  m which  the  rifts  t of  an  ambient  gas  on  tht  electric  currer?  flow 
from  a hot  filament  is  used  to  measure  a proprrtv  <4  the*  gas.  suc  h as  c harge  density . 
iounspherr-  l p;i«  levels  of  tire  earth's  atmosphere,  extending  outward  from  about  70  kilo- 
meters altitude  and  containing  fret*  electronically  charged  panicles  that  reflect  radio 
wave's.  Nee  pp.  61-63. 
isothermal.  Of  constant  tempi  .i  line. 

isotropic  radiation.  Radiation  that  is  of  equal  intensity  in  all  directions, 
law  of  sines,  (n  trigouotmtiv.  the  law  which  states  that  in  a triangle  the  lengths  of  the  sides 
ate  in  profiortion  to  the  sines  of  the  op|josite  angles,  i litis,  if  a.  b.  < ait'  the  three  sides 
<4  a triangle,  and  a.  &.  y an  the  angles  opposite  to  a.  b.  and  i . respectively.  then 
a sin  a = b sin  /?  - 4 mu  *y  . 

level  surface.  A surface  to  which  the  force  oi  gravity  i>  everywhere  (et|entlkui.u.  Stt 
pp  190-92 
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liftoff.  Ilir  rising  of  a space  launch  vehicle  from  its  launching  stand  immediately  after 
firing. 

light-year.  The  distance  light  travels  in  one  year,  equal  to  9 46<B5  * 101*  meters, 
line  in  a spectrum.  Light  emitted  or  absorbed  at  a discrete  wavelength  by  a radiating  or 
absorbing  atom. 

Lyman  alpha  line.  The  hydrogen  atom  is  capable  of  emitting  (or  absorbing)  electromag- 
netic radiation  in  several  different  series  of  lines.  One  of  these  is  known  as  the  Lyman 
series.  The  longest  wavelength  of  the  Lyman  serin  is  at  1216  A in  the  ultraviolet 
region,  and  is  known  as  Lyman  alpha.  The  next  longest  wavelength  of  the  series  is 
Lyman  beta,  then  Lyman  gamma,  etc. 

magnetic  storm.  A disturbance  in  the  earth's  magnetic  field  assumed  to  be  caused  by  si  teams 
of  panicles  and  magnetic  fields  from  the  sun. 

magnetosphere.  The  re^  on  of  space  surrounding  the  earth  where  the  magnetic  field  plays  a 
prominent,  often  controlling,  role  relative  to  panicle  radiations  found  there.  See  pp 
I75-6T 

main  stage.  That  stage  of  a launch  vehuie— usually  the  largest  stage — that  is  used  to  lift  the 
launch  vehicle  its  pay  load  to  a high  enough  altitude  that  the  remaining  stages 
of  tSie  vehuie  can  project  the  payload  into  orbit  or  into  a space  trajectory, 
npn-maditnc  rrlatiora.  Relations  between  man  and  a machine — such  as  an  aircraft  or 
spaerrratt.  I he  matching  of  human  characteristics  to  a machine  so  as  to  obtain  maxi- 
mum efficiency  or  optimum  conditions  for  operation  is  called  man-mathme  integra- 
tion, The  integrated  combination  of  man  and  machine  in  an  operating  unit  is  called  a 
man- machine  system 

mantle  of  the  earth.  Ihr  tntenoc  of  the  earth  between  about  5400  kilometers — the  outer 
boundary  of  the  core — and  the  crust. 

mare  (pi.  maria).  IV  maiia  are  the  dark  regions  of  the  moon,  once  thought  to  be  sr,*s. 
Pence  the  term  mare  from  the  Latin  for  sea.  The  term  is  also  applied  to  dark  regions  on 
Mars. 

mean  free  path.  I hr  average  distance  a gas  partic  le  travels  between  successive  collisions 
with  other  partkWs. 

meson.  An  elementary  partic  le  of  mass  intermediate  between  the  masses  of  the  electron  and 
proton. 

mesosphere.  Sometimes  used  to  denote  :he  middle  atmosphere.  between  the  stratosphne  and 
the  ionosphere. 

metagalaxy.  The  system  of  all  galaxies.  IV  physical  universe, 
meteor.  A fast  moving  nuw  horn  spare  rrjvmiui;  ihe  atmosphere, 
meteorite.  A met  ecu  that  survived  passage  through  the  atmosphere  to  strike  tkr  ground. 
mkroiiKKe1 , mirrometeorip*  A ituiftw  ot  meteorite  that  is  a few  hundreds  of  niioometcrs 
of  less  in  diameter. 

mi&rioo-arientrd  science.  AppJjcJ  science  carried  out  in  support  of  a specifically  stated  mis- 
sion. such  as  providing  the*  necessary  weaponry  fur  naval  warfare,  maintaining  ade- 
quate air  power,  improving  agriculture,  developing  natural  resources,  or  predicting  the 
weather. 

monochromatic  beam.  A beam  of  radiation  of  a single  wavelength, 
nebula.  A huge  doud  of  gas  and  dust  in  space. 

neutron.  An  electrically  neutral  particle  of  mass  essenually  equal  to  (hat  of  the  proton  A 
free  neutron  is  unstable,  decaying  (with  a half  life  of  about  12  minutes)  to  an  electro  t 
and  a proton.  (To  say  that  the  half  life  of  a neutron  is  12  minutes  means  that  of  a group 
of  X neutrons,  N ^ of  them  will  decay  before  12  minutes,  and  N 2 of  them  after  12 
minutes.) 

oblate  ellipsoid  of  revolution.  The  surface  (or  so1  id)  obtained  by  revolv  ing  an  ellipse  about 
its  minor  axis.  Revolving  the  ellipse  about  its  major  axis  produces  a prolate  ellipsoid  of 
revolution. 
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orbit  The  closed  path  of  a moving  body  or  panicle  around  another  object.  See  also 
trajectory. 

os me*  The  gas  whose  molecules  consist  of  three  oxygen  atoms  combined:  0$. 
oroaoiphm.  The  region  of  the  atmosphere  in  the  uppe.  stratosphere  and  lower  mesosphere 
where  there  are  appreciable  quantities  of  ozone.  See  pp.  61.  621,  fig.  I. 
perigee.  For  a sa'ellite  orbit,  the  nearest  ooint  to  the  center  of  the  earth, 
photosphere  of  the  sun.  The  visible  disk  of  the  sun.  See  pp. 

physical  geodesy.  I lie  st  udv  of  the  gravitational  field  of  the  earth  and  its  relationship  to  the 
solid  structure  of  the  planet.  Also  called  dynamical  geodesy.  Set1  p.  186. 

Piraai  gauge.  A pressure  gauge  in  which  the  rate  of  cocking  of  a heated  filament  by  the 
ambient  gas  is  used  to  measure  the  pressure  of  the  gas. 
plasma  A hot  gas  consisting  of  equal  numbers  of  positive  and  negative1  ions, 
polarized  light.  The  wave  theory  of  light  pictures  light  as  electromagnetic  vibrations  in 
space,  with  electric  and  magnetic  vectors  vibrating  perpendicularly  toearh  other.  Nor- 
mally in  a beam  of  light  the  orientations  of  the  electric  and  magnetic  vectors  are  ran- 
dom. But  if  the  electric  (or  magnetic*  vectors  all  vibrate  parallel  to  a common  plane,  the 
light  in  the  beam  is  said  to  be  plane  polarized. 

programmatic  science.  Science  carried  out  as  pm  ol  a specific  program— say.  the  atomic 
energy  program,  or  the  NASA  space  science  jHogram  as  illustrations— and  constrained 
t loosely  perhaps,  but  constrained  nevertheless!  tc  fit  within  the  general  confines  of  the 
program. 

prut**:.  The  nucleus  of  the  hydrogen  atom,  fire  proton  tames  a -ingle  positive  electric 
charge1,  and  ha>  a mass  of  1.673  * lO^7  kilograms, 
pulsar.  A star  that  emits  radiation  in  equally  sjwed  jHilsev 
puie  science.  See  utuo^  nited  science. 

quantum  theory.  The  theory  that  all  electromagnetic  radiation  is  emitted  and  absorbed  in 
quanta  <»t  energy  ?*qiuil  to  hv.  wheie  h is  a constant  called  the  Plan*  k constant  aftrr  the 
propounder  of  ({lummm  the*>r\,  and  v is  the  heoueno  of  :he  radiation, 
quasar.  An  exceedingly  remote  astronomical  object  which  apnrars  like  a blue  star  but 
which  because  of  the  prodigious  quantities  of  energy  it  cadia*es  mav  turn  o il  to  be  a 
galaxy. 

radiation  belt.  The  i*>rtiou  of  a planetan  magnetosphere  that  contain*  charged  particle 
rad  unions  unable  n escape  because  of  the  ambient  magnetic  fie!d. 
radio  gal  w.  A galac  tic  svstem  that  emits  prominently  in  radio  wavelengths, 
recombination.  I he  reverse  of  diw*  union,  with  the*  v*|s» rated  par*>  of  a molecule  rejoin- 
ing to  leprodiuv  the  ■ gin«il  molecule  (r  >u  which  the\  came.  For  example,  an  cite 
iron  mav  recombine  with  a positive  ion  to  form  a neutral  ato.n  or  molecule;  a positive 
ion  may  join  with  a negative  ion  to  form  a neutral  molecule;  or  two  neutral  atoms 
might  recombine  to  form  a molecule. 

recombination  coefficient.  A quantitative  measure  of  the  affinity  of  panicles  for  recombining, 
reflection  coefficient.  A numerical  q;iantitv  that  gives  the  proportions  and  manner  in  w hich 
a medium  reflects  incident  radiation. 

refraction.  I hc  bending  of  electromagnetic  ravs  bv  properties  of  the  medium  traversed, 
relativistic  panicle.  A panicle  moving  sufficiently  close  to  the  speed  of  light  that  effects  of 
relativity,  such  as  an  increase  in  mass  <»r  a slowing  of  time,  become  significant 
resonance  line.  The  longest  wavelength  rbat  an  atom  can  emit  or  absorb, 
retrorocket.  A rocket  so  mounted  <?n  a vehicle  or  >p  • p'raft  that  u fires  in  the  direction 
opposite  to  the  motion  of  the  vehicle  or  spacerralt.  Retrorockets  are  used  to  slow  down 
the  vehic  les  on  which  thev  are  mounted. 

rocket  stage.  A vdf-propclled  separable  element  of  a socket  vehicle.  In  a .nulustage  rocket, 
each  rocket  unit  fires  after  the  one  behind  it  has  used  up  its  pro|M*llaut  and  t normally  > 
been  discarded  Vr  pagr  p.  ».o. 
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satellite.  An  attendant  body  that  revolves  around  another  body  called  the  satellite's  primary. 
By  custom,  the  bodies  revolving  around  the  sun  are  called  pUnets , not  satellites,  of  the 
sun. 

scientific  discipline.  An  area  of  scientific  investigation  in  which  the  investigators  share  a 
common  paradigm  or  group  of  paradigms— embracing  a common  body  of  theory— and 
techniques  ami  often  instrumentation  that  stem  from  the  underlying  theoretical  basts  of 
the  discipline. 

sectorial  harmonic.  One  of  a series  of  terms  representing  the  gravitational  potential  of  the 
earth,  in  which  the  terms  exhibit  pronounced  variation  with  longitude.  See  spkrrual 
harmonu  and  p.  192. 

Sevfcrt  galaxy.  A spiral  galaxy  with  a very  compact,  highly  luminous  nucleus, 
solar  wind.  A continuous  wand  of  charged  particles  from  the  sun.  blow  ing  through  inter- 
planetary space. 

spacecraft.  Dev  ices,  manned  or  unmanned,  that  are  intended  to  he  placed  in  an  orbit  about 
the  eanh  in  space,  or  on  a trajectory  to  another  celestial  body, 
space  launch  vehicle.  A combination  of  rocket  stages,  w ith  the  necessary  guidance  and 
control  equipment,  used  to  project  a spacecraft  into  space, 
space  probe.  Spacecraft  sent  away  from  earth  into  space.  See.  p.  153. 

space  science.  Scientific  investigations  made  jmssible  or  significantly  aided  bv  rockets,  satel- 
lites. and  space  probe's.  See  chap  I . especially,  pp.  11-15. 
spectrum.  Lleciromagnetic  radiation  displayed  or  vtsuali/ed  as  a function  of  wavelength. 

Thus,  the  rainbow  is  pan  of  the'  spectrum  of  sunlight, 
spherical  harmonic.  One  of  a scries  of  terms  exjwessing  the*  gcx>potential  function  in  sines 
and  cosines  of  latitude  and  longitude.  See  pp.  192-91 
stage-  Set*  nnkrt  sta^r. 

stratosphere.  I'he  layer  of  the  earth's  atmosphere  Utwren  about  lb  and  50-55  kilometers 
altitude*.  King  above  the  troposphere  and  extending  to  the  strato|>ausc:  temperature 
generally  uu  leases  with  altitude  in  the  Miaiosphete.  See  pp.  b0-b2. 
sunspot  cycle.  A cvtle  of  variation  m the  total  number  and  area  of  spots  on  the  sun  s 
surface*,  from  a maximum  to  a minimum  with  an  average  jxriod  of  1 1 years.  Since 
magnetic  fields  on  the  sun  reverse  w ith  each  suc  h cycle.  tfu*  |xriexl  of  a complete*  cycle 
of  spe  Hied  ness-  plus*  <nagnet  ic-condii  i<  h i is  22  years, 
superconducting  cavity.  When  certain  materials  are  brought  suffie lends  dose  to  absolute 
/t*ro  Kinpiauirr.  thev  become  perfect  edexmeal  conductors  capable  of  sustaining  cir- 
culating electrical  currents  mdefmiteh  v ithot:t  resistance  losses.  A cav ii\  in  which  such 
conditions  of  supeuotvLictivdv  are  maintaitHxl  is  a stiixtcondu' ting  cavity.  The  reso- 
nance projxrties  <h  such  su|xr  conducting  cavities  permit  the  construction  of  highly 
•He  urate*  os*  ilia  tors,  or  * locks. 

synchronous  orbit.  The*  orbit  over  the*  earth’s  expiate*:  at  ai.  altitude  of  16000  km,  in  which 
the  tale  of  tcsolution  of  the  satellite  around  the  earth  equals  tiu*  rate  of  total  inn  of  the 
<*arih.  v>  that  the  satellite  always  Mas*  over  the  sum*  sjxx  on  the  ground, 
technology,  technical  know  -how:  the  knowledge  and  ability  to  do  things  of  a technical  or 
enginexring  nature*,  including  the  field  of  industual  arts, 
telemetering.  Measuring  an  objext  or  phe*nomen<»n  at  a d, Marne  Radio  is  often  usexl  to 
transmit  the*  mtasnnxl  data  horn  the  jxnnt  of  nuasuteinent  to  a remote  observer, 
trajectory.  In  general,  tin*  path  in  ihrer  di.nensions  (i.e\.  space)  of  a moving  Ixxiy.  The  word 
trajer*  *ry  is  often  used  to  n an  flight  path,  ii  the  trajectory  is  a closed  path  around 
another  objext  like*  the  earth,  the  trajectory  t>  tailed  an  orbit.  When  the  fxith  is  not 
doscxl.  the  word  trajectory  is  usually  usexl 

troposphere.  * he  lowest  |x>rtiou  of  the  at  nospheie.  .‘Mending  from  the  gmund  to  the  base 
of  the  stratosphere*. 
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viKMUUttcd  or  pure  science.  Science  tarried  out  simply  to  pursue  what  the  researcher 
considers  to  be  important  problems,  the  solutions  to  which  show  promise  of  revealing 
significant  information  about  nature  and  the  universe,  rncomn.it led  or  z>ure  sc  tenet  is 
not  constrained  bv  programmatic,  applications*  or  mission  objectives, 
vorticity.  The  amount  of  rotational  motion  possessed  by  a fluid  is  called  its  voracity, 
rami  harmonic.  One  of  a series  of  terms  representing  the  gntvitational  potential  of  the 
earth.  Zonal  hannonio  correspond  to  coefficients  /«  for  which  m = 0 and  which 
depend  only  on  latitude.  See  sphrucal  harmonic  and  also  pp.  192-93. 
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The  reader  has  seen  (hat  the  narrative  of  this  book  consists  of  two 
interwoven  themes:  space  science  itself  and  the  activities  of  institutions  and 
individuals  who  created  and  carried  out  the  space  science  program.  For 
space  science  the  most  important  sources  are  professional  papers  in  scien- 
tific journals,  published  proceedings  of  technical  meetings,  and  treatises 
and  texts  dealing  with  space  science.  For  the  other  theme  a most  important 
source  is  the  records  and  files  of  organizations  and  individuals  working  in 
the  program. 

I naturally  drew  heavily  on  NASA  records  and  publications.  In  partic- 
ular I examined  in  detail  43  boxes  of  notes,  letters,  memoranda,  reports, 
and  formal  papers  that  formed  part  of  the  files  I had  used  in  the  Office  of 
Space  Science  and  Applications  in  managing  the  space  science  program. 
These  records  are  now  in  the  National  Archives,  Federal  Record  Center, 
Suitland,  Mary  land,  accession  255-79-0649.  Running  sequentially  through 
the  43  boxes  is  a series  of  numbered  folders  each  devoted  to  a specific  sub- 
ject or  time.  The  NASA  Histoiy  Office  has  a catalog  showing  the  organiza- 
tion of  these  records. 

In  references  for  this  book  I have  used  notations  as  in  the  following 
example:  NF13(193).  NF  is  short  for  "‘Newell  Files.”  The  13  is  the  box 
number,  and  the  number  in  parentheses  is  that  of  the  folder  in  the  desig- 
nated box. 

Secretaries  in  the  Office  of  Space  Science  and  Applications  maintained 
a rather  complete  set  of  files.  Thus,  in  addition  to  papers  originating  with- 
in  :he  office,  there  were  also  copies  of  key  documents  the  originals  of 
which  would  naturally  be  kept  in  other  offices  of  the  agency  or  in  other 
agencies,  such  as  the  National  Academy  of  Sciences,  Office  of  Science  and 
Technology  , and  T.S.  Weather  Services.  Indeed,  one  of  the  great  values  in 
this  set  of  records  proved  to  lie  in  the  leads  it  gave  to  many  different 
sources  of  space  science  material. 

At  times,  of  course,  papers  important  to  the  space  science  narrative  were 
not  to  be  found  in  the  NF  collection.  If  such  a document  was  both  of 
special  interest  and  likelv  to  he  difficult  to  reacquire,  a copy  was  placed  in 
additional  boxes  (NF40,  NF41,  \F42,  NF43)  of  the  same  accession  number. 

Several  portions  of  the  NF  collection  were  especially  p_rtinei«i  to  this 
hook.  In  box  NF28  arc  stored  notebooks  I kept  during  my  government 
service,  aoth  with  the  Naval  Research  Laboratory  and  with  NASA.  Al- 
though these  are  likely  to  be  more  useful  to  me  than  to  someone  eis^ 
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anyone  should  find  them  helpful  in  tracing  the  course  of  space  science 
activities— particularly  as  seen  from  NASA  Headquarters.  Many  of  the 
notes  were  records  of  problems  and  issues,  statements  of  NASA  policy, 
decisions  of  NASA’s  top  management,  work  assignments,  and  reminders  of 
actions  to  be  taken.  As  a record  of  such  items  the  notes  are  quite  compre- 
hensive, but  they  are  incomplete  in  that  the  follow-through  on  the  resolu- 
tion of  problems  and  issues,  the  completion  of  work  assignments,  and  the 
effectuation  of  requested  actions  are  not  recorded.  The  missing  information 
must  come  from  other  documents,  particularly  the  official  files  of  NASA 
and  other  agencies. 

The  chronological  files  (boxes  11-12,  24-27)  of  the  collection  reveal 
the  actions  emanating  from  the  office  of  the  associate  administrator  for 
space  science  and  applications.  These  reflect  a large  number  of  the  difficul- 
ties and  challenges  faced  by  the  science  and  applications  programs,  but  the 
reader  is  cautioned  that  they  rest  upon  a much  greater  wealth  of  detail  to 
be  found  in  the  div  ision  files  of  those  who  managed  the  programs  in  lunar 
and  planetary  sciences,  geophysics,  astronomy,  the  life  sciences,  etc.  The 
bias  of  the  NF  files  is,  of  course,  toward  the  overall  office  level. 

The  correspondence  between  NASA  Headquarters  and  its  centers,  in- 
cluding the  Jet  Propulsion  Laboratory,  shows  the  mixture  of  cooperation 
and  tension  internal  to  the  agency  that  characterized  the  space  science 
program— indeed  the  whole  space  program.  The  same  sort  of  cooperation 
and  tension  is  seen  in  exchanges  with  other  agencies  such  as  the  Space 
Science  Board,  the  U.S.  Geological  Survey,  the  Department  of  Defense,  and 
the  Department  of  Commerce. 

Much  of  my  responsibility  in  NASA  concerned  external  scientific  rela- 
tions of  NASA — with  the  National  Academy  of  Sciences,  the  international 
Committee  for  Space  Research,  the  American  Geophysical  Union,  and  the 
Space  Science  and  Technology  Panel  of  the  President’s  Science  Advisory 
Committee,  for  example.  As  a result  the  NF  collection  is  quite  comprehen- 
sive with  regard  to  these  relations,  and  my  notebooks  contain  a great  deal 
on  them.  One  exception  was  the  file  on  the  Rocket  and  Satellite  Research 
Panel,  where  for  some  reason  much  of  the  record  was  lost.  Because  of  the 
central  role  the  panel  played  in  the  early  history  of  space  science,  as  de- 
scribed in  chapter  4,  1 borrowed  the  official  files  of  the  panel  from  the 
executive  secretary,  George  Megciian,  who  kindly  granted  permission  to 
copy  them  for  NASA’s  files.  These  copies,  with  copies  of  additional  panel 
papers  from  the  personal  files  of  William  Stroud  and  Nelson  Spencer,  both 
members  of  the  panel,  provide  a comprehensive  record  of  the  panel  s activ- 
ities from  its  founding  in  1946  through  its  last  technical  session  in  1960. 
NASA’s  copies  of  the  panel  files  are  stored  in  boxes  NF10  and  NF4I.  Al- 
though I drew  a moderately  detailed  overview  of  the  panel's  activities  from 
these  records,  a comprehensive  history’  of  the  Rocket  and  Satellite  Research 
Panel  is  still  to  be'  written. 
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Many  secondary  references  are  frequently  cited  in  the  text*  Quite  useful 
for  background  is  the  NASA  Special  Publication  (SP)  series.  Considerable 
detail  on  NASA’s  budget,  manpower,  organization,  and  facilities  is  given 
in  NASA  SP-40I2,  NASA  Historical  Data  Book , 1957-1968,  vol.  1.  NASA 
Resources , by  Jane  Van  Nimmen  and  Leonard  C.  Bruno  with  Robert  L. 
Rosholt  (Washington,  1976).  Additional  details  on  NASA’s  first  years  can 
be  found  in  Robert  L.  Rosholt,  An  Administrative  History  of  NASA , 
1958-1963 , NASA  SP-4101  (Washington,  1966).  Some  of  NASA’s  activities 
as  reflected  in  public  announcements,  the  news  media,  and  other  similar 
sources  may  be  traced  w ith  the  aid  of  a series  of  annual  chronologies, 
Astronautics  and  Aeronautics , issued  by  NASA’s  History  Office  (SP-4004 
through  4008,  4010,  4014-4019)  starting  in  1963.  Similar  chronological  data 
for  years  before  1963  can  be  found  in  Eugene  M.  Emme,  Aeronautics  and 
Astronautics;  An  American  Chronology  of  Science  and  Technology  in  the 
Exploration  of  Space,  1915-1960  (Washington:  NASA.  1961);  Aeronautical 
and  Astronautical  Events  of  1961 , Report  of  the  National  Aeronautics  and 
Space  Administration  to  the  House  Committee  on  Science  and  Astronautics. 
87th  Cong.,  2d  sess..  7 June  1962;  and  Astronautical  and  Aeronautical 
Events  of  1962 . Report  of  the  National  Aeronautics  and  Space  Administra- 
tion to  the  House  Committee  on  Science  and  Astronautics,  S8th  Cong.,  1st 
sess.,  12  June  1963.  NASA’s  “Pocket  Statistics,”  issued  monthly  by  Head- 
quarters. prov  ides  a variety  of  statistical  data,  including  a record  of  NASA 
and  Soviet  launchings,  the  characteristics  of  space  launch  vehicles,  and 
general  budgetary  information.  The  International  Programs  series,  pub- 
lished by  NASA’s  Office  of  International  Affairs,  gives  details  of  NASA’s 
international  program. 

An  almost  overwhelming  wealth  of  detail  can  be  found  in  the  records 
of  NASA’s  hearings  before  the  agency’s  authorizing  committees  in  the 
House  and  Senate.  The  hearings  cover  every  aspect  of  the  NASA  program, 
both  technical  and  administrative.  Investigative  hearings  such  as  those  into 
the  Ranger  failures  and  Centaur  troubles  bring  out  not  only  the  kinds  of 
difficulties  NASA  had  to  overcome  in  the  space  science  program,  but  also 
the  se  Thing  scrutiny  under  which  the  work  had  to  be  done, 

kv,i  the  space  science  theme,  as  staled,  the  principal  sources  are  the 
technical  literature  Many  of  these  sources  are  cited  in  the  chapter  refer- 
ences, particularly  those  for  chapters  4,  5,  6,  11,  and  20.  Because  of  its  great 
breadth,  space  science  finds  its  way  into  a wide  variety  of  publications. 
Some,  however,  stand  out  and  should  be  of  special  interest  to  anyone  who 
wishes  to  delve  into  the  subject.  The  Armais  of  the  International  Geophys- 
ical Year , 48  vols.  (London:  Pergamon  Press,  1957-1970)  give  much  of  the 
early  space  science  work.  Especially  informative  is  volume  12,  which  has 
the  papers  presented  at  an  international  symposium  held  in  Moscow  under 
the  auspices  of  GSAGI,  the  international  Committee  for  the  International 
Geophysical  Year* 
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Because  so  much  of  space  science  dealt  with  investigation  of  the  earth, 
the  Journal  of  Geophysical  Research  quickly  became  a favored  medium  for 
many  space  researchers,  as  did  the  Journal  of  Atmospheric  and  Terrestrial 
Physics . Many  papers  appeared  in  the  Physical  Review , particularly  papers 
dealing  with  cosmic  rays.  The  Journal  of  the  Optical  Society  o/  America 
and  the  Astrophysical  Journal  were  natural  outlets  for  astronomical  topics 
such  as  solar  spectroscopy. 

For  quick  publication  of  results.  Nature  was  often  used.  NASA  also 
worked  out  an  arrangement  w ith  the  editor  of  Science  for  publishing  pre- 
liminary results  from  especially  significant  missions  rapidly,  within  a week 
or  so.  At  particularly  productive  periods,  as  during  Apollo  lunar  missions, 
a significant  proportion  of  Science  was  devoted  to  space  science  topics. 
One  can  trace  a great  deal  of  the  space  science  program  in  its  pages.  Later, 
when  Geophysical  Research  Letters  was  begun  by  the  American  Geophysi- 
cal Union,  it  was  also  used  for  brief  communications  on  early  results  of 
space  science  investigations. 

Space  Science  Reviews  (Dordrecht-Holland:  D.  Reidel  Publishing  Co.) 
and  the  references  cited  therein  prov  ide  an  excellent  means  of  developing  a 
detailed  picture  of  v trtually  any  space  science  discipline  one  might  want  to 
pursue.  Books  of  the  Astrophysics  and  Space  Science  Library  series,  also 
published  by  Reidel,  give  extensive  treatments  of  specific  areas  of  space 
sc  ience,  such  as  the  magnetosphere,  solar  physics,  or  x-ray  astronomy.  An 
enormous  amount  of  information  is  contained  in  the  published  proceed- 
ings of  the  Apollo  lunar  science  conferences  sponsored  annually  by  the 
Johnson  Space  Center,  the  first  in  January  1970.  For  space  life  sciences, 
one  can  get  a good  start  with  Biology  and  the  Exploration  of  Mars , edited 
by  Colin  S.  Pittendrigh,  Wolf  Vishniac,  and  J.  P.  T.  Pearman,  National 
Academy  of  Sciences- National  Research  Council  publication  1296  (Wash- 
ington, 1966);  Elie  A.  Shneour  and  Eiic  A.  Ottesen,  compilers,  Extraterres - 
trial  Life:  An  Anthology  and  Bibliography , ibid.,  publication  1296A 
(1966);  and  a compendium  prepared  jointly  by  Soviet  and  U.S.  scientists: 
Melvin  Calvin  and  Oleg  G.  Gazenko,  eds..  Foundations  of  Space  Biology 
and  Medicine . NASA  SP-374,  3 vols.  (English  version,  Washington,  1975). 

The  specific  sources  indicated  above  are  but  a small  sampling  of  the 
available  literature.  One  does  not  want  for  detect  and  in-depth  treatments 
of  individual  areas.  But  the  kind  of  overview  of  the  whole  field  of  space 
science  that  asks  the  broader  questions  of  how  existing  paradigms  were 
affected  by  the  research  and  whether  any  scientific  revolutions  were  forced 
by  space  science  results  is  another  matter.  As  an  aid  in  preparing  chapters 
6,  1 1 , and  20.  in  which  I have  addressed  myself  to  such  questions,  I sent  out 
a questionnaire  to  more  than  a hundred  leading  space  science  investiga- 
tors. I hoped  to  learn  how  the  scientists  themselves  felt  their  fields  of  re- 
search had  been  affected  by  space  methods,  and  whether  in  their  view  any 
scientific  revolutions  had  occurred.  More  than  50  responded,  in  varying 
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detail.  Their  answers  provided  considerable  additional  insight  into  the 
subject  and  were  helpful  in  the  writing  of  chapters  6, 1 1 , and  20.  But  there 
was  more  in  the  responses  than  could  be  included  in  only  a few  chapters  of 
this  book.  My  treatment  must  be  considered  sketchy.  The  answers  to  the 
questionnaires  are  filed  in  box  NF43  under  the  following  headings:  atmos- 
pheric research,  ionospheric  physics,  particles  and  fields,  geodesy,  lunar 
science,  planetary  science,  meteors  and  cosmic  rays,  solar  physics,  astron- 
omy, and  exobiology. 

Finally,  the  NF  collection  contains  most  of  my  articles  and  talks  from 
the  beginning  of  the  sounding  rocket  program  in  1946  through  the  1960s.  I 
did  not  usually  cite  these  papers,  preferring  to  use  other  sources.  But  one 
can  trace  in  them  the  growing  knowledge  produced  by  the  space  science 
program,  and  also  many  of  the  major  issues  encountered  in  the  space 
program. 
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The  Author 


Homer  Edward  Newell  was  bom  in  Holyoke,  Massachusetts,  1 1 March 
1915.  During  the  years  of  his  primary  and  secondary  education  in  Holyoke’s 
public  school  system,  the  city  was  undergoing  a substantial  transition. 
Formerly  known  as  “Paper  City,”  Holyoke  was  losing  its  foremost  position 
in  paper  manufacture  to  the  Midwest,  while  its  considerable  textile  indus- 
try was  similarly  losing  out  to  mills  in  the  South.  Newell’s  early  interest  in 
science  was  fostered  by  his  paternal  grandfather's  extensive  technical  library, 
by  competent  and  interested  teachers  in  Holyoke  High  School,  and  by  a 
home  chemistry  laboratory,  the  nucleus  of  which  had  been  contributed  by  a 
local  sulfite  wood  pulp  mill. 

At  Harvard  Newell  studied  science  courses  including  mineralogy, 
physics,  and  astronomy  and  pursued  a major  in  mathematics  to  an  A.B. 
and  an  A.M.T.  from  Han/ard  and  a Ph.D.  from  the  University  of  Wisconsin 
in  1940.  He  then  taught  mathematics  at  the  University  of  Maryland  until 
1944,  when  he  joined  the  U.S.  Naval  Research  Laboratory.  From  1946,  as  a 
mathematician-tumed-physicist,  he  was  one  of  a group  of  scientists  and 
engineers  who  used  their  World  War  II  experience  with  missiles  and  radio 
communications  to  instrument  rc»  Vets  for  high-altitude  research  and  then 
to  launch  them  at  White  Sands,  New  Mexico.  In  the  fall  of  1947  he  became 
head  of  the  Rocket  Sonde  Research  Section  ».  Branch).  In  September 
1955,  when  the  Naval  Research  Laboratory  was  assigned  the  task  of  devel- 
oping the  Vanguard  launch  vehicle  for  the  International  Geophysical  Year 
satellite  program,  he  became  Vanguard  Science  Program  Coordinator.  The 
National  Aeronautics  and  Space  Administration  opened  for  business  in 
October  1958;  Newell  joined  its  headquarters  the  same  month  and  remained 
for  15  years.  He  guided  the  space  science  program  through  much  of  the 
1960s  and  was  NASA’s  Associate  Administrator  from  1967  until  his  retire- 
ment at  the  end  of  1973. 

In  1953  his  book  High  Altitude  Rocket  Research  was  published.  Six 
more  books  followed,  as  well  as  hundreds  of  articles  on  such  subjects  as 
space  science,  vector  analysis,  sounding  rockets,  missiles,  and  astronomy. 
Several  of  the  books  were  directed  specifically  to  young  people.  Since  leav- 
ing NASA,  Newell  has  retained  this  interest  and  is  preparing  a book  for 
the  young  reader  on  mineralogy  and  rock-hounding. 
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